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KIRISH (falsafa dokto ri (PhD) dissertatsiyasinin g annotatsiyasi)
Dissertatsiya mavzusining dolzarbligi va zarurati. Jahon miqyosida olib

borilayotgan ko'plab ilmiy-amaliy tadqiqotlar shuni ko'rsatadiki, internet
termog'ida axborotlarni nafaqat tez va samarali izlash, balki turli tillar o'rtasida
samarali mashinali talima tizimlarini yaratish muhim ahamiyat kasb etmoqda.
Axborot texnologiyalarining jadal rivojlanishi va jamiyatni ommaviy
raqamlashtirish tufayli insonning kundalik hayotida turli tillardagi axborotlar hajmi
kundan-kunga ortib bormoqda. Madaniyatlaruro muloqot ko'p odamlar hayotining
ajralmas qismidir, shuning uchun tafima tizimlaidan foydalanish oddiy internet
foydalanuvchisi uchun kundalik bajariladigan ishdir. Tillararo murakkablik va
noaniqlik barcha tabiiy tillarni qayta ishlash ishlariga xos bo'lgan muammolardan
sanaladi. Shu munosabat bilan, til to'siqlarini bartaraf etishga qaratilgan
izlanishlarga talab odatdagidan ancha yuqori. Shu sababli sun'iy intellekt
texnologiyalari asosida turkiy tillar uchun mashinali tarjima muammosini
kompleks tadqiq qilish, turkiy tillar o'rtasida mashinali tarjimani amalga
oshirishning samarali modellarini ishlab chiqish va algoritm hamda dasturiy
majmuasini ishlab chiqish sun'iy intellekt sohasining muhim vazifalaridan biri
bo'lib qolmoqda.

Hozirgi kunda jahonda turkiy tillarni kompyuterda qayta ishlash sohasida
ko'plab tadqiqotlar olib borildiki, turkiy tillardan ma'lumot to'plash, qayla ishlash
va kibermakonda uzatish tillari sifatida faol foydalanish tizimlari hamda
texnologiyalari yaratishga kalta e'tibor qaratilmoqda. Bunda tillararo tarjima
tizimlariga, matnlaming morfologik tahlili va annotatsiyasini avtomatlashtirish
muhim ahamiyat kasb etmoqda. Shu sababli tillarning xususiyatlarini inobatga
olgan holda yig'iladigan yirik hajrnli ma'lumotlami tizimlashtirish, ularni qayta
ishlash va ular asosida yangi bilimlarni hosil qilishga ehtiyoj ortib bormoqda.
Xususan, turkiy tillar uchun neyron mashinali tarjima modelini qurish va parallel
korpus yaratish maqsadli ilmiy tadqiqotlardan hisoblanadi.

Mamlakatimizda amaliy va fundamental ahamiyatga ega bo'lgan sanoat,
logistika, tibbiyot, qishloq va suv xoJaligi, telekommunikatsiya ya ijtimoiy
sohalardagi amaliy masalalarni zamonaviy axborot texnologiyalari asosida hal
etishga alohida e'tibor qaratilmoqda. Xususan, matn ko'rinishidayozilgan iqtibos
hamda fikrlarni sentiment tahlil qilish, o'zbek tili uchun sentiment tahlil korpusini
qurish va uning asosida axborot modellar yaratish, tematik modellashtirish va
hujjatlarning mazmunan haqqoniylik parametrini aniqtash bo'yicha salmoqli
natllalarga erishildi. "Sun'iy intellektni mashina yordamida o'qitish uchun yirik
hajmli davlat tilidagi raqamli ma'lumotlarni shakllantirish, shuningdek, davlat
tilidagi nutqni tahlil va sintez qilishni qo'llovchi intellektual dasturiy mahsulotlarni
yaratish" ustuvor yo'nalishlar etib belgilanganl. Qaror ijrosini ta'minlashda turkiy
tillar uchun grammatik qoidalarining ontologik modellarini va neyron mashinali
tarjima modelini qurish, mashinali o'qitish algoritmlarini hamda dasturiy
majmuasini ishlab chiqish muhim ahamiyatga ega.

I O'zbekiston Respublikasi Prezidentining 2O2l-yil 17 fevraldagi "Sun'iy intellekt texnologiyalarini jadal joriy
etish uchun shart-sharoitlar yaratish to'g'risida"gi PQ-4996-son qarori.



O'zbekiston Respublikasi Prezidentining 2018-yil27-apreldagi PQ-3682-son
"Innovatsion g'oyalar, texnologiyalar ya loyihalarni amaliyotga joriy qilish
tiziminiyanadatakomillashtirish chora-tadbirlari to'g'risidagi" qarori, 2019-yil24-
mayda O'zbekiston Milliy universitetidagi fan va ta'1im vakillari bilan
uchrashuvdagi ma'ruzasi, 2019-yil 21-oktyabrdagi "O'zbek tilining davlat tili
sifatidagi nufuzi va mavqeyini tubdan oshirish chora-tadbirlari to'g'risida"gi PF-
5850-son Farmoni, 2019-yilS-oktyabrdagi "O'zbekiston Respublikasi oliy ta'lim
tizimini 2}3}-yilgacha rivojlantirish Konsepsiyasini tasdiqlash to'g'risida"gi PF-
5847-sonli Farmoni, 2020-yil 5-oktyabrdagi "Raqamli O'zbekiston 2030"
strategiyasini tasdiqlash va uni samarali amalga oshirish chora-tadbirlari
to'g'risida"gi PF-6079-son qarori, 2020-yil 20-oktyabrdagi "Mamlakatimizda
o'zbek tilini yanada rivojlantirish va til siyosatini takomillashtirish chora-tadbirlari
to'g'risida mamlakatimizda o'zbek tilini yanada rivojlantirish va til siyosatini
takomillashtirish chora-tadbirlari to'g'risida"gi PF-6084-son Farmoni,2020-yil29-
oktyabrdagi "Ilm-fanni 203O-yilgacha rivojlantirish Konsepsiyasi"ni tasdiqlash
to'g'risida"gi PF-6097-son Farmoni, 2020-yil 6-noyabrdagi "O'zbekistonning
yangi taraqqiyot dawida ta'lim-tarbiya va ilm-fan sohalarini rivojlantirish chora-
tadbirlari to'g'risida"gi PF-6108-son qarori, 2021-yil lT.fevraldagi "Sun'iy
intellekt texnologiyalarini jadal joriy etish uchun shart-sharoitlar yaratish
to'g'risida"gi PQ-4996-son qarori, 2022-yil 28-yanvardagi "2022-2026-ytllarga
mo'ljallangan Yangi O'zbekistonning taraqqiyot strategiyasi to'g'risida"gi PF-60-
son Farmoni, 2022-yil 6-iyuldagi "2022-2026-ytllarda O'zbekiston
Respublikasining innovatsion rivojlanish strategiyasini tasdiqlash to'g'risida"gi
PF-165-son Farmoni hamda mazkur faoliyatga tegishli boshqa normativ-huquqiy
hujjatlarda belgilangan vazifalami amalga oshirishga ushbu dissertatsiya tadqiqoti
muayyan darujada xizmat qiladi.

Tadqiqotning respublika fan va texnologiyalari rivojlanishining ustuvor
yo6nalishiga mosligi. Mazkur tadqiqot ishi O'zbekiston Respublikasi fan va
texnologiyalar rivojlanishining IV. "Axborotlashtirish va axborot-kommunikatsiya
texnologiyalarini rivojlantirish" ustuvor yo'nalishi doirasidabajarilgan.

Muammoning o'rganilganlik darajasi. Jahonda ikki til o'rtasida tarjima
tizimi, mashinali tarjima, tafima modellari bo'yicha bir qator tadqiqotlar olib
borgan olimlarning ishlari o'rganilib chiqildi. Jumladan, mashinaLardan
foydalanish orqali tarjtma qilish haqidagi birinchi g'oya Gotfrid Vilgelm Leybnits
va Rene Dekartlar tomonidan ilgari surilgan. Keyinchalik AQShda Jorjtaun
universitetida Leon E.Doster boshchiligida mashinali tarjima bo'yicha birinchi
loyiha paydo bo'ldi. Rossiyada O.S.Kulagina va I.A.Melchuk mualliflik qilgan
fransuz tilidan rus tiliga mashinali tarjimaning birinchi eksperimental tizimi
tomonidan yarutilgan Qozog'istonda T.K.Kayupov, E.Churikov, A.A.Sharpbaylar
qozoq tilidan boshqa tillarga mashinali tarjima tizimlari va algoritmlarini ishlab
chiqqan.

Til bo'yicha tarjimon dastur yaratishdan oldin tilning morfologik tahlili, tilda
gap nlzilish strukturalari bo'yicha model va algoritmlar yaratilishi talab etiladi.
O'zbek tili uchun morfologik tahlil ishlari \zoqvaqt davom etgan va bu bo'yicha
juda samarali ishlar olib borilgan hamda olib borilmoqda. Jumladan, A.K.Po'latov



va M.Hakimovlar tomonidan kompyuter tilshunosligining muammolarini ishlab
chiqish, mashinali tarjimani yaratishda yuzaga keladigan muammolar, o(zbek tili
uchun formal grammatik tasvirlashning matematik modellari, ingliz va o'zbek
tillarini solishtirish bo'yicha ilmiy tadqiqotlar olib borilgan. Sh.A.Nazirov
tomonidan turkiy tillar uchun elektron lug'atlarni shakllantirish masalasi davlat
amaliyoti loyihalari doirasida ishlab chiqarilgan.

M.Aripov, N.Ignatov, Sh.Madraximov, A.Norov, N.Abdurahmonova,
U.Tuliyev, G'.Matlatipov va S.Matlatipovlar tomonidan o'zbek tili fonetikasi
hamda morfologiyasi sohasida bir qator ilmiy ishlar olib borilmoqda. Ushbu
tadqiqotlarda o'zbek tilidagi polisillabik so'zlar uchun avtomat bo'g'in ajratish va
ko'rish usullari hamda algoritmlari, lingvo-matematik modellari yaratilgan, o'zbek
tili morfologiyasining morfotaktika va morfofonika ilovalari asosida Prolog
mantiqiy dasturlash tili yordamida o'rganilgan hamda UzMORPP morfologik
instrumenti ishlab chiqilgan. Ushbu yo'nalish bo'yicha o'lkazilgan tadqiqotlar
shuni ko'rsatadiki, morfologik tahlil, gap tuzilish strukturalari bo'yicha salmoqli
ishlar olib borilgan.

Dissertatsiya tadqiqotining dissertatsiya bajarilgan muassasaning ilmiy
tadqiqot ishlari rejalari bilan bog'Iiqligi. Dissertatsiya tadqiqoti Mirzo Ulug'bek
nomidagi O'zbekiston Milliy universitetining ilmiy tadqiqot ishlari rejasiga
muvofiq REP-251120211113 - "UzUDT: "O'zbek tilida tabiiy tilni qayta ishlash
uchun universal bog'liqliklik daraxti korpusi va uning semantik tahlili" (2021-
2024) mavzusidagi ilmiy tadqiqot loyihasi doirasida bajarilgan.

Tadqiqotning maqsadi mashinali tarjimaning an'anaviy usullari va ilg'or
modellari asosida 2 ta turkiy tillar o'rtasida tarjima qilish uchun mos algoritm
hamda dasturiy majmuasini ishlab chiqishdan iborat.

Tadqiqotning vazifalari:
o'zbek va qozoq tillarining grammatikasini o'rganish hamda ular o'rtasidagi

o'xshashlik va farqlarni aniqlash;
chog'ishtirlayotgan tillar grammatik qoidalaridan foydalanilgan holda

qiyosiy ontologik modellarni qurish;
o'zbek-qozoq tilining o'zbek-qozoq tilining qiyosiy ontologik modeli asosida

bilimlar bazasi shakllantirish;
o'zbek tili xususiyatlarini inobatga olgan holda neyron mashinali o'qitish

al goritmi dan foydalanib tarj ima mo del ini yarati sh ;
neyron to'ri asosida o'zbek va qozoq tillari uchun mashinali tarjima tizimini

ishlab chiqish;
tarjima matnning sifatini baholash (BLEU) va o'zaro entropiya metrikalaridan

foydalanib, tarjima aniq ligi va semantik yaqinli gini aniqlash.
Tadqiqot obyekti o'zbek-qozoq tillari uchun mashinali tarjima tizimidan

iborat.
Tadqiqot predmeti o'zbek-qozoq parallel korpusi asosida mashinali tarjima

tizimini yaratish uchun statistik modellar, neyron mashinali tafima usullari va
algoritmlaridan iborat.

Tadqiqot usullari. Tadqiqot ishida sun'iy intellekt usullari, berilganlarning
intellektual tahlili, tasniflash, rasmiylashtirish, ontologik modellashtirish, modulli



va obyektga yo'naltirilgan dasturlash texnologiyalaridan foydalanilgan.
Ta dqiqotning ilmiy yangilikla ri quyidagilardan iborat:

o'zbek va qozoq tillari grammatik qoidalaridan foydalanilgan holda qiyosiy
ontologik modellari qurilgan;

chog'ishtirilayotgan tilning o'zbek-qozoq tilining qiyosiy ontologik modeli
as osida bilimlar bazasi shakllantirildi ;

o'zbek tili xususiyatlarini inobatga olgan holda neyron mashinali o'qitish
al goritmidan foydalanib tarj ima mo del i y arutilgan;

noyron to'ri asosida o'zbek va qozoq tillari uchun mashinali tarjima tizimi
ishlab chiqilgan.

Tadqiq otning am aliy natij ala ri quyidagilardan iborat :

o'zbek va qozoq tillarining grammatikalari o'rtasidagi o'xshashlik hamda
farqlar aniqlangan;

o'zbekva qozoq tillari grammatik qoidalarining ontologik modellari qurilgan;
jumlalar darajasida o'zbek va qozoq tillari uchun matnlar o'rtasidagi

yozishmalar muvofi qlashtirilgan;
o'zbek va qozoq tillari uchun neyron mashinali tarjima tizimi ishlab

chiqilgan.
Tadqiqot natijalarining ishonchliligi. -Ilmiy tadqiqot natijalarining

to'g'riligi va ishonchliligi tadqiqot ishlari natijasida yaratilgan aniq modellar
hamda usullarning to'g'riligi, ishlab chiqilgan algoritm va dasturiy majmua orqali
olingan natijalarning qiyosiy tahlillari orqali asoslangan.

Tadqiqot natijalarining ilmiy va amaliy ahamiyati.
Tadqiqotining natijalarining ilmiy ahamiyati tabiiy tilning grammatik

qoidalarini rasmiylashtirish va kompyuterda qafra ishlash, shuningdek,
daSturlashning modulli, obyektga yo'naltirilgan metodologiyalari, tabiiy tilning
grammatik qoidalarini rasmiylashtirish, sun'iy intellekt va kompyuter lingvistikasi
s ohalarida qo' llaniladi gan nazaiy alarni o' z ichi ga oladi.

Tajriba natijasida tavsiya etilgan modellarning yutuqlari solishtirilib,
tizimning kuchli va zaif tomonlari aniqlandi. Ishlab chiqilgan modellar va usullar
tabiiy tildagi matnlarni avtomatik ravishda abstraksiyalash, qayta ishlashning
boshqa amaliy vazifalarini hal qilishda, shuningdek, axborot qidiruv tizimlaida,
o'rganish uchun dasturiy ta'minotni ishlab chiqishda, shuningdek, elektron ta'lim
tizimlarida, baholashda qo'llanilishi mumkin. Bu esa turkiy tilli davlatlar o'rtasida
internet, elektron pochta, ijtimoiy tarmoqlar orqali ijtimoiy va iqtisodiy aloqalarni
rivojlantirishga olib keladi. Tadqiqot ishida olib borilgan tajribalar ta'lim, fan,
san'at, sog'liqni saqlash va boshqa ijtimoiy sohalardagi har qanday ma'lumotlarni
talima qilishda qo' llanilishi b ilan izohlanadi.

Tadqiqot natijalarining joriy qilinishi. O'zbek va qozoq tillari o'rtasida
mashinali tadima tizimi uchun ishlab chiqilgan algoritmlar hamda ularning
dasturiy ta'minoti yordamida olingan ilmiy yangiliklar asosida:

o'zbek ya qozoqtillarining grammatikalai o'rtasidagi aniqlangan o'xshashlik
hamda farqlar, ikki til uchun yarutilgan parallel korpus, shakllantirilgan grammatik
qoidalarining ontologik modellari va ishlab chiqilgan mashinali o'qitish
algoritmlardan Muhammad al-Xorazmiy nomidagi Toshkent axborot



texnologiyalari universiteti Samarqand filialida bajarilgan grantda foydalanilgan
(O'zbekiston Respublikasi Raqamli texnologiyalar vazirliginrng 2024-y1l

2}-noyabrdagi 33-817790-son ma'lumotnomasi). Natijada o'zbek tili milliy
korpusining matnlar bazasini hajmini ko'paytirish va dasturiy ta'minotning
aniqligini 15 % oshirish imkonini bergan;

o'zbek-qozoq tilining qiyosiy ontologik modeli asosida shakllantirilgan
bilimlar bazasi "IJnicon SOFT" MCHJ Samarqand viloyat filialida tadbiq etilgan
(O'zbekiston Respublikasi Raqamli texnologiyalar vazirligining
2024-yil20-noyabrdagi 33-817790-son ma'lumotnomasi). Mazkur bilimlar bazasi
asosida tuzilgan dasturiy vositaning tarjimon modeli natijalai Google va Yandex
tarjimon tizimlari kabi natija berishi hamda ma'lumotlar to'plamini ko'paytirish
orqali natijalarni yaxshilash imkoniyatiga erishish mumkinligi aniqlangan.
Ma'lumotlarni tarjima qilish uchun sarf qilinadigan vaqt sarfini 11 Yoga

q i s qarti ri shga xrzmat q i I gan ;
' "O'zbektelekom" AK Samarqand shahar telekommunikatsiya bog'lamasida

mijozlar bilan aloqa jarayonida sinovdan o'tkazilgan va amaliyotga joriy etilgan.
Sinov natijasida tavsiya etilgan modellarning yutuqlari solishtirilib, tizimning
kuchli va zaif tomonlari aniqlangan. Ishlab chiqilgan modellar va usullar tabiiy
tildagi matnlarni avtomatik ravishda abstraksiyalash hamda qayta ishlashning
boshqa amaliy masalalarini hal qilishda, shuningdek, axborot-qidiruv tizimlarida,
o'quv dasturlarini ishlab chiqishda va elektron ta'lim tizimlarida foydalanish
mumkinligi aniqlandi. Tadqiqot ishida olib borilgan tajribalar ta'lim, fan, san'at,
sog'liqni saqlash va boshqa ijtimoiy sohalardagi har qanday ma'lumotlarni tarjima
qilishda qo'llanilishi bilan izohlanadi (O'zbekiston Respublikasi Raqamli
texnologiyalar vazirligining 2024-yil 2O-noyabrdagi 33-817790-son
ma'lumotnomasi). Natijada mijozlar bilan muloqot jarayonida 13.5 % tezlik
bo'yicha samarali nat\aga erishish imkonini taqdim qildi.

Tadqiqot natij alarining aprobatsiyasi. Dissertatsiyaning asosiy r,azarry v a
amaliy natijalari 6 ta xalqaro hamda 5 ta respublika ilmiy-amaliy anjumanlarida
muhokamadan o I tka zilgan.

Tadqiqot natijalarining e'lon qilinganligi. Dissertatsiya mavzusi bo'yicha
jami 14 ta ilmiy ish chop etilgan, shulardan O'zbekiston Respublikasi Oliy
attestatsiya komissiyasining doktorlik dissertatsiyalari asosiy ilmiy natijalarini
chop etish tavsiya etilgan ilmiy nashrlarda 5 ta maqola, jumladan,3 tasi xorijiy
ilmiy jurnallarda nashr etilgan. O'zbekiston Respublikasi Intellektual mulk
agentligining EHM uchun dasturiy mahsulot qayd etilganligi haqida 3 ta
guvohnoma olingan.

Dissertatsiyaning tuzilishi va hajmi. Dissertatsiya tarkibi kirish, to'rt bob,
xulosa, foydalanilgan adabiyotlar ro'1xati va ilovalardan iborat. Dissertatsiyaning
hajmi 118 betni tashkil etgan.

DISSERTATSIYANING ASOSIY MAZMTINT
Dissertatsiyaning Kirish qismida dissertatsiya mavzusining dolzarbligi va

zarwiy ati as o s I angan, tadqi qotn ing O' zb eki ston Re sp ub 1 i kas i fan va texno I o giy alar
taraqqiyotining ustuvor yo'nalishlariga mosligi ko'rsatilgan. Tadqiqotning maqsad



va vazifalar belgilab olingan hamda tadqiqot obyekti va predmeti aniqlangan,

tadqiqotning ilmiy yangiligi va amaliy natijalari bayon qilingan, olingan

natijalarning ishonchliligi asoslangan va nazariy hamda amaliy ahamiyati ochib
berilgan, tadqiqot natijalari amaliyotga joriy etilganligi, chop etilgan ishlar va
dissertatsiya ishining tuzilishi haqida ma' lumotlar keltirib o'tilgan.

Dissertatsiyaning "Mashinati tarjima masalalari" deb nomlangan birinchi
bobida mashinali tarjima nazariy asoslari, umumiy ko'rinishlari, tarjima qilishda
qo'llaniladigan usul va modellar qiyosiy tahlil etilgan. Mashinali tarjima masalalari

dunyoning rivojlangan mamlakatlarida qay yo'sinda yechilgan, qanday algoritmlar
tavsiya etilgan va qanday natijalarya erishilganligi yoritilgan.

Tarj ima j arayonida qo' llaniladigan asosiy usullar keltirilgan :

Qoida asoslangan mashinali tarjima usuli. Qoidalarga asoslangan mashinali
tarjima (Rule-based Machine Translation), yoki lingvistik qoidalarga asoslangan
mashinali tarjima 1950-yillarda qo'llanilgan birinchi usul edi. Birinchi RBMT
tizimlari |97}-yillaming boshlarida ishlab chiqilgan. RBMT asosida Systran,
Yaponiya MT tizimi, EUROTRA tizimi Apertium, GramTrans, Promt kabi ilg'or
tizimlar paydo bo'ldi.

Bunday tarjima texnologiyasining keng ko'lamli vazifasi tabiiy tillarni
ma'lum bir dasturiy ta'minot va apparat kompyuter muhitida amalga oshirilgan
obyektlar sifatida rasmiy modellashtirish, shuningdek, turli xil tahliliy
protseduralarni modellashtirish, tabiiy tillar uchun til birliklari va matnlarini
integratsiya qilish, ya'ni bunday vazifa quyidagi tartiblarni talab qiladi:

1) grafik (simvol) tahlil;
2) morfologik hamda leksik tahlil va sintez;
3) sintaktik tahlil va sintez;
4) semantik transformatsiyalar.
Til tuzilishining barcha darujalari MT davomida qayta ishlanadi.
Modelga asoslangan mashinali tarjima. Misol asosidagi mashinali tarjima

(Example Based Machine Translation) usuli 1984-yi1da yapon tadqiqotchisi
M,Nagao tomonidan taklif qilingan. Asosiy g'oya shundan iboratki, agar matnning
muayyan turi va tor sohalari uchun ilgari tafiima qilingan iboralarning katta
zaxirasi mavjud bo'lsa, keyingi matnlarning tarjimasi inson tarjimasiga o'xshash
bo'ladi. Modelga asoslangan mashinali tarjima usulida "misol" yordamidatafiima
qilish prinsipi, ikki tilda qo'sh gaplar qurish qo'lIaniladi. Foydalanish qoidalariga
ko'ra, u "o'xshashlik bo'yicha tarjima" (translation by analogy) deb ataladi.

Tarj ima usulining asosiy tahminlari:

- Odamlar chuqur grammatik qoidalarga asoslangan sodda gaplarni tarjima
qilmaydi.

- Aksincha, odamlar tarjimada dastlabki qadamlarni asl gapni qandaydir
kichik guruhlarga bo'lish orqali qo'yadi. Keyin u ushbu iboralarni maqsadli tilga
tarjima qiladi va oxirgi bosqichda ularni birlashtirib, samarali natijalar blokini
yaratadi.

. - iboralarni tarjima qilishda allaqachon'kotirada saqlangan" ma'lumotlardan
foydalangan holda misollar keltiriladi.

Stqtistik tarjima usulida (SMT) o'nlab yillar davomida tarjima paradigmasi
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sifatida hukmronlik qilgan. SMTning amaliy qo'llanilishi, odatda, turli uzunlikdagi
so'.z v a iboralarni tarj ima qi ladigan frazeo lo gik tizimlar hi s ob lanadi.

Statistik usullarni o'rganish zanxati Shennonning shovqinli kanal modeliga
muvofiq tarjima jarayonini tarjima qilishdir.

Bu fikrga ko'ra, ko'rsatuvchi tildagi H gapi eshittirish kanali orqali o'tgan
shovqin ta'sirida o'zgarrb, asl tildagi K gapga o'tadi. Usulning prinsipi
translyatsiya kanalining chiqish nuqtasida hisobga olinadigan asl tildagi K
jumlasidan kelib chiqib, maqsadli tildagi asl matnga kirish. Bunga erishish uchun
quyidagi tenglamaning yechimini topish kifoya:

fr - argmax P(HIK) (1)
HeMaqsadli til

Agar (1) tenglamadagi ehtimollik qiymatini Bays qoidasiga muvofiq qayta
yozsangiz

fi - argmax P(K|H)P(H)

HeMaqsad.tt ttl P(I()
(2)

Bu tenglamada P(K) ehtimollik barcha 11 ifodalari uchun doimiy bo'lgani
uchun argmax operatori uchun natlja o'zgarmaydi. Bu holda (2) tenglamani
quyidagicha yozish mumkin:

fr - arsmax P(KIH) P(H) (3)
H e M aq s a dtt t tt, offi e u r#o a, ti

Ushbu tenglamaning ikkita alohida komponenti mavjud. Birinchisi P (KIH)
tarjima modeli deb ataladi va maqsad tildagi f/ jumlasi K-gapning asl tildagi
tarjimasi bo'lishi mumkinligini ko'rsatadi. Ikkinchi komponent 11 jumlasining
maqsad tildagi ehtimolini bildiradi. Bu ikki ehtimollik H gapning qiymatini
ko'paytirish natij asidir.

Neyron mashinali tarjima usuli. Neyron Mashinali Tarjima (Neural Machine
Translation (NMT) integratsiyalashgan modelda butun jumlalarni
modellashtirish orqali so'zlarni ketma-ketlik ehtimolini bashorat qilish uchun
sun'iy neyron tarmog'idan foydalanadigan mashinali tarjima usuli. Chuqur
o'rganish birinchi marta 1 990-yi1larda nutqni aniqlashda qo'llanilgan. 2}t4-yilda
birinchi marta Google-ning iboralarga asoslangan tarjima tizimiga sezilarli
yaxshilanishlar taklif qilindi.

NMT an'anavry mashinali taqima tizimlarining ko'pgina kamchiliklarini
bartaraf etish imkoniyatiga ega bo'lgan istiqbolli yondashuv sifatida taklif
qilingan. NMT ning kuchi uning kirish matniga qarab yakuniy o'zgarishlarni
bevosita manba matniga o' rganish qobiliyatidadir.

.. Neural Machine Translationning afzalligi shundaki, u an'anaviy iboraga
asoslangan mashinali tarjimaning ko'plab aniq dtzayn variantlarini chetlab o'tadi.
Biroq amalda NMT tizimlari tarjima tizimlariga qaraganda kamroq aniqroqdir,
ayniqsa, mavjud bo'lgan eng yaxshi tarjima tizimlari uchun ishlatiladigan juda
katta ma'lumotlar to'plamini o'rganishda. Neyron mashinali tarjimaning uchta
kamchiliklari bu kamchiliklar bilan bog'liq: sekin o'qish va sekin chiqish tezhgi,
unikal so'zlar bilan ishlashning samarasizligi va ba'zan asl gapdagi barcha
so'zlarni tarjima qila olmaslik. Birinchidan, NMT tizimini katta tarjima
ma'lumotlar bazasida o'qitish, odatda, ko'p vaqt va hisoblash resurslarini talab
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qiladi.
. Gibrid mashinali tarjima usuli. Gibrid mashinali tarjima - bu mashinali

tarjimaning bir tizimida mashinali tarjimaning bir nechta usullarini qo'llash bilan
tavsiflangan mashinali tarjima usuli. Ushbu texnologiya ta{ima xotirasi asosida

tezda sozlash, uslubni umumlashtirish va juda foydali ma'lumotlarni
terminologik lug' atlarni olish imkonini beradi.

Dissertatsiyaning "O'zbek va qozoq tillarining qiyosiy ontologik
modellari" deb nomlangan ikkinchi bobida ikki til o'rtasida mashinali tarjima
tizimini yaratishda tillarning grammatikasini o'rganish ya ular o'rtasidagi
o'xshashlik hamda farqlarni aniqlash va grammatik qoidalarining ontologik
modellarini qurish amalga oshirilgan.

Ikki til bir-biridan farqli jihatlari ko'p bo'lib, hattoki harflarda ham farqlar
borligi aniqlandi. 1-jadvalda tillar o'rtasida unli tovushlar keltirilgan.

1-jadval
Otzbek va tillaridaei unli tovushlar

Til Unli tovushlar soni Unli tovushlar

O'zbek 6 a, e, i, o, o', u

Qozoq 9 a) e) e) bI, i, o, o, y, y

O'zbek va qozoq tillaridagi har bir so'z turkumining o'zgarish tizimini
ta'minlovchr o'zigaxos so'z yasovchi qo'shimchalar hamda birikmalarga ega.

Turkiy tillarda eng ko'p qo'llaniladigan leksik-semantik sohalardan biri otdir.
Otlarga ko'plik qo'shimchalari qo'shilishi ularning birlik va ko'plik guruhlariga
bo'linishiga asos bo'ladi. O'zbek ya qozoqtillarining ko'plik shakllari 2-jadvalda
keltirilgan.

2-jadval
O'zbek va tillarini ko' k shakllari

Tadqiqot ishimizda qozoqtili o'zbek tilidan qo'shimchaya so'z boyligi bilan
farq qilishi aniqlandi. Egalik, so'z yasovchi qo'shimchalar va boshqa sohalarda
ham ko'p ma'lumotli til ekanligini natijalarda ko'rish mumkin.

' 3-jadvalda o'zbek va qozoq tillarining egalik qo'shimchalari keltirilgan.

O'zbek tillarini lik qo'shimchalari

v azifa-miz, kitob - im iz

3-jadval
L o'shlmc

Shaxs
O'zbek Qozoq O'zbek Qozoq O'zbek Qozoq

Olmosh Qo'shimchalar Masalan

1-shaxs birlik Mening Menirt
-m,
-im

.M,

-ivr,
-bIM

Mening
bolam

Meniq 6atruvr
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2-shaxs birlik Sening CeniH
-fl8,
-mg

.H,

-iH,

-bIII

Sening

bolang
Ceniq 6anart

3-shaxs birlik Uning OnuH
-i,
-si

-c1,

-c6I,
-i. -rr

Uning
bolasi

Onuq 6ar,acsr

l-shaxs ko'plik Bizning Eisaiq
-miz,
-imiz

-iuis,
.bIMbI3

Bizning
bolamiz

EisaiH
6anarurrs

2-shaxs ko'plik Sizning
(hurmat)

Cisaiq
-1f,9,

-ingiz

-HEIS,

-qis,
-brr{br3,

-iqig

Sizning
bolangiz

CigaiH
6araHrrs

3-shaxs ko'plik Ularning Olap,qsrrt
-i,
-si,
-lari

-ci,
-cbl,
-i, -u

Ularning
bolalari

Onap4rrl
6wrwrup:st

2-shaxs ko'plik Cenaepaiq
-H, -iH,
.bIII

Cen.qep,qiu

6ararapurl

2-shaxs ko'plik CislepaiH

-r{Er3,

-r{i3,
-brr{Lr3,

-iqig

CisxepaiH
6anaraprrqus

Protege platformasi ontologik modellashtirishning ikkita asosiy usulini
qo'llab-quwatlaydi: Protege-Frames muharriridan foydalanish; Protege-OWL
muharriridan foydalanish. Protege-da qurilgan ontolo giy alar funksional kengaytma
modullarining mavjudligi tufayli osongina kengaytiriladigan arxitekturaga ega

ochiq ontologiyalar bo'lib, ular RDF (RDFSchema), OWL va XMLSchema kabi
ko'plab shakllarga o'tkazilishi mumkin.

1. O'zbek tilidagi sodda gaplarning tarkibiy daraxtini tuzish. Ma'lumki,
Xomskiyning formal kontekstsiz grammatikasi (Context-Free Grammar (CFG))
ma'lum til sintaksisini rasman tavsiflash imkonini beruvchi matematik vositadir.
Hozirgi vaqtda CFG tabiiy til komponentlari tuzilishini modellashtirish uchun keng
qo I llaniladigan rasmiy tizimdir .

Ikki turkiy til sodda gaplarining sintaktik qoidalarini qurish uchun awaliga
Xomskiyning kontekstsiz grammatikasidan foydalanib, ular uchun tarkibiy daraxt
tuzdik, so'ngra ularning semantikasini hisobga olgan holda Protege muhitida
ontologik model yaratdik.

Ushbu qurilma yordamida ikki o'zbek tildagi sodda gaplarning sintaktik
qoidalarini tuzamiz va ularning tarkibiy daraxtini yaratamiz. Lekin buning uchun
biz maxsus lingvistik belgilar - teglarni joriy qilishimiz kerak.

O'zbekcha gaplarning tuzilishini tavsiflovchi teglar 4-jadvalda keltirilgan.
4-jadval

O'zbekcha gaplarning tuzilishini tavsiflovchi teglar
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Teg lns,liz Rus O'zbek Qozoq
S Simple

sentence

flpocroe
IIpeInoxeHLIe

Oddiy jumla Xafi cofineu

Sub Subiect flo.urexauee Eea Eacrayuur

obi Obiect .{ouomreuue To'ldiruvchi ToarrKraysrur

Abr Abreviatura OupeAeneuze Aniqlovchi AurrrrayrIrr
Adl Adverbial O6cro.f,remctso Hol flrrcrrKraysru
Pre Predicate Cragyeuoe Kesim EaqH.[ayrru

CFG har biri til belgilarini birlashtirish va joylashtirish usullarini
belgilaydigan qoidalar to'plamidan yoki qaror qabul qilish qoidalaridan iborat.

Umumiy G tipidagi CFG quyidagi parametrlar bilan aniqlanadi:

G :(N",?:,R,.S > (4)
Bu yerga:
N"- terminal bo' lmagan belg ilar (o' zgaruvchilar) to'plami ;

[- terminal belgilar to'plami (konstantalar): bu yerda /V" n 7" -@;
R - A + a turini yechish qoidalari to'plami, bu yerda A - terminal bo'lmagan

belgi, a - Ns U Is alifbosidagi belgilar qatori, ya'ni a e (Ns U Ts)-;
S - boshlang'ich terminal bo'lmagan belgi.
Gapning tuzilishi ikki qismda ko'rsatilishi mumkin: ot va fe'L. O'zbekcha

sodda jumlalar sintaksisini maxsus CFGlar yordamida tasvirlash mumkin.
Masalan, o'zbekchada quyidagi sodda gapni aytaylik:
1. "Samad kitob o'qiyabdi" -"CaMaA xirau o(brr orrrp";
2. "Samad kutubxonada kitob o'qiyabdi" - "CaMag xitauxanaAa riran oKbrr

orup";
3. "Samad onasi bilan kecha keldi" -"Cawag aHacEIMeH KeIIre ren4i";
4. "Eng yaqin do'stim Samad o'qiyabdi" - "ErI xaKbIH AocbIM CaIvra4 oKblr

orblp".
Ushbu jumlalarning tuzilishini tavsiflash uchun biz KE parametrlari uchun

quyidagi qiymatlar ni b er amiz:
ivs - {s, NP, vP, Adj, Adu}
I, : {S, a, d, e, g,h,L, i, k, l,rfl,TL, o,p,T,f,,s, g, u,i,/}
R = {S + NP IVP,NP - N I N lAdj lAdv,VP + N lV lAdv INP IVP}

Ushbu grammatik qoidadan foydalanib, yuqorida ko'rsatilgan o'zbek tilidagi
jumlalar tarkibiy qismlarining tarkibiy daraxtini l-4-rasmlarda ko'rsatish mumkin:

l-rasm. S(NP(N),VP(N,V))ning 2-rasm. S(NP(I9,NP(N'N)),VP(N'V)

abd

komponentlar daraxti.
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S-rasm. O'zbek tilida otning
ontologik modeli.

S-rasmda o'zbek tilidagi otning Protege muhitida yaratilgan ontologik
modelining bir qismi, 6-rasmda qozoq tilidagi ot ontologik modelining bir qismi
keltirilgan.

4-rasm. Komponentlar daraxti
s(NP(Adj), VP(NP(N), VP(N,V).

6-rasm. Qozoq tilida otning
ontologik modeli.

O'zbek ya qozoq tillarida sifatdoshlarning yasalishi bosh sifatlarga
kuchaytiruvchi bo'g'in qo'shish orqali yasaladi. O'zbek va qozoq tilida kuchli harf
"-" belgisi bilan ajratilib yoziladi. Masalan, o'zbek tilida yap-yangi, sap-sariq, top-
toza, qozoq tilida ar-aHbrK, eu-e4eui, xeu-xeqin va boshqalar.

7-rasmda o'zbek tilidagi sifatning Protege muhitida yarutilgan ontologik
modelining bir qismi, qozoq tilidagi sifat ontologik modelining bir qismi esa 8-
rasmda keltirilgan.

7-rasm. O'zbek tilida otning 8-rasm. Qozoq tilida otning
ontologik modeli. ontologik modeli.

Dissertatsiyaning '(O'zbek va qozoq tillari o6rtasida mashinali tarjima
tizimi" nomli uchinchi bobida o'zbek-qozoq tillari mashinali tarjima uchun
ma'lumotlar to'plamini shakllantirish jaruyonlari va neyron mashinali tarjimani
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ishlab chiqish yoritilgan.
. Parallel korpuslarni yaratish uchun ikki tilda mavjud bo'lgan ma'lumotlar

to'plash u yoqda tursin, neyron tarmoq modeli uchun o'quv mii'lumotlari sifatida

foydalanish uchun ochiq va yetarlichakaltabo'lgan tayyor matn korpusini to'plash
juda qiyin hamda ko'p vaqt talab qiladigan vazifadit, ayniqsa, o'zbek va qozoq

tittari liabi kam resursli tillar uchun. Ma'lumotlar to'plamini quyidagi manbalar

orqali shakllantirdik:
' - Inson huquqlari umumjahon deklaratsiyasi(UDR);

- Apertium qozoq-o' zbek test ma' lumotlar to' plami ;

- COVID19 Myth busters korpusi;
- Veb-yangilik ma' lumotlari (Kazinform sayti)
-Adabiy kitoblar;
- Qo'lda tarjima.
Yaratilgan parallel jumlalarning statistik ma'lumotlarining batafsil tavsifi 5-

jadvalda keltirilgan.
5-jadval

Parallel iumlalarning sta ma

Nb

E(J
5
.A
o
tr

Manba nomi
Gaplar

soni
So'zlar

(uz)
So'zlar

(kz)

Unikal
sotzlar

soni
(uz)

Unikal
sotzlar

soni
(kz)

O'rtacha
jumladagi

sotzlar
soni (uz)

O'rtacha
jumladagi

sotzlar
soni (kz)

1.

1

UDHR 6l I 380 153 5 724 760 22.6 25.2

2.

Apertium
qozoq-o'zbek
test
ma'lumotlari

49 321 34s 206 219 6.6 1.0

3.
COVIDl9
Myth busters
korousi

28 288 3t4 197 209 10.3 11.2

4,

I

Veb-yangilik
ma'lumotlari

315 4220 4335 2331 2348 13.4 13.8

5.
Kichkina
shahzoda

1688 10870 12270 4200 4633 6.4 73

6. Kapitan qizi 3008 26767 28276 9753 1 1010 8.9 9.4

7.
O'n besh
yoshda
kapitan

8012 81094 89637 1 8s49 20284 10.1 11.2

8.
Shayton
ko'prigi 1t822 99319 7t0259 24655 29454 8.4 9.3

9. 3 Qo'lda
tariimalar

100000 526207 536674 47355 48768 5.3 54

Umumiy soni / o'rtacha t24983 750466 783645 t07970 1 1768s 10.2 11.1

tistik 'lumotlari

Yakuniy bosqich barcha manbalarni yagona ma'lumotlar to'plami sifatida
birlashtirish va takroriy jumlalarni olib tashlash uchun oxirgi filtrni qo'llashdan
iborat bo'lgan olingan kichik to'plamlarga qo'llanildi. Yakuniy birlashtirilgan
ma' lumotlar to'plamining statistikasi 6-j advalda keltirilgan.
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'lumotlar lamini
6-jadval

statistikasiYakuniy birlashtirilgan ma'lumotlar to L

Har bir til uchun statistika O'zbek Qozoq

Gaplaming umumiy soni t2r138

So' zlarning umumiy soni 746738 759357

Unikal so'zlarning umumiy soni 89967 104888

Har bir jumladagi so'zlarning o'rtacha soni 6.2 6.3

Ikki til uchun ma'lumotlar to'plamidan foydalanib tarjimon model qurishni

boshlaymiz. Kam resursli tillar uchun eng mos tarjimon usullaridan biri bu neyron

mashinali tarjima (NMT) hisoblanadi. Hozirgi kunda ommalashgan NMT
modellaridan biri bu transformer modeli hisoblanadi.

Transformerlar zamouavry NLP modeli bo'lib, kodlovchi-dekodlovchi
arxitekturasining evolyutsiyasi hisoblanadi. Elementlar o'rtasidagi munosabatlarni

tahlil qilish orqali kontekst va ma'noni tushunish uchun maxsus ishlab chiqilgan va

buning uchun deyarli butunlay matematik texnikaga tayanadi. 9-rasmda

Transformer modelining kodlovchi va dekodlovchi strukturasi keltirilgan. Bu
qisimlar N ta qatlamlardan tashkil topgan struktura orqali ishlaydi. 10-rasmda

kodlovchi va dekodlovchining N qatlamli strukturasi keltirilgan.

Tnonefsrmer

*,J;-"r

9-rasm. Transformer modeli. 10-rasm. N qatlamli struktura.
Kodlovchining asosiy vazifasi kirish tokenlarini kontekstli tasvirlarga

aylantirishdir. Tokenlarni mustaqil ravishda qayta ishlaydigan oldingi modellardan
farqli o'laroq, Transformer kodlovchisi har bir tokenning kontekstini butun ketma-
ketlikka nisbatan qamrab oladi. Dekodlovchining roli matn ketma-ketligini
yaratishga qaratilgan Kodlovchini aks ettirgan holda, dekodlovchi shunga

o'xshash pastki qatlamlar to'plami bilan jlhozlangan U ikkita ko'p yo'nalishli
e'tibor qatlamiga, oldinga yo'naltirilgan qatlamga ega va har bir pastki qatlamdan

keyin qoldiq ulanishlarni hamda qatlamni normallashtirishni o'z ichiga oladi. 11-

rasmda kodlovchi arxitekturasi 12-rasmda dekodlovchi an<itekturasi keltirilgan.
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Kiruvchi
giymot dhiqishlor

(o'nsgo siljitilgo)

11-rasm.Kodlovchi(Encoder). 12-rasm.Dekodlovchi(Decoder).
Dekodlovchi bitta qatlam bilan chegaralanib qolmaydi. U N ta qatlam bilan

tuzilishi mumkin, ularning har biri kodlovchi va undan oldingi qatlamlardan

olingan kirishga asoslanadi. Bunday ko'p qatlamli yondashuv modelning bashorat

qilish qobiliyatini sezilarli darajada oshirishi mumkin, chunki u turli xil diqqat

kombinatsiyalarini y arLada nozikroq tushunishni imkonini beradi.
Dissertatsiyaning'sTarjimon modelining ishonchliligi va natijaviyligi"

nomli to'rtinchi bobida ishonchlilik ko'rsatkichlari, tarjimon modelining
natijaviyligi va boshqa tarjimon tizimlari bilan solishtirishdan olingan natijalar
yoritilgan.

Birinchi navbatda, ikki til o'rtasidagi mutanosiblik qay darajada ekanligi
baholanadi. Gap yasovchi qo'shimchalar, ko'plik shakllari, gap tuzilish
strukturalari va boshqalar. l3-rasmda ikki til o'rtasidagi mutanosiblik grafigi
keltirilgan

traln/batch-acc m+iii
-"- -.--t

I

I
I
I

ii
,i

-":---.-"-^-^- I

'l:i

6,000 8,000 10k

Valuo step

. 0,0059 0.0067 15,200 8.76hr

13-rasm. Ikki til o6rtasidagi mutanosiblik grafigi.

Run +

2MtO

$mooth6d

18



BLEU (Bilingual Evaluation Understudy) ballidan foydalanib, NMT
chiqishini bir yoki bir nechta mos yozuvlar tarjimalari bilan solishtiradi. Ushbu

ko'rsatkich mashinali tarjima va mos yozuvlar matnlari o'rtasidagi n-

grammlarning bir-biriga mos kelishini o'lchaydi. BLEU algoritmi inson Ya

mashinali tarjimani solishtirish hamda umumiy parchalarni qidirish asosida

tarjimani 0 dan 100 gacha bo'lgan shkalada baholaydi. Asosiy g'oya shundan

iboratki, qancha mos kelsa,tarjima shunchalik yaxshi bo'ladi.
BLUE ball quyidagicha hisoblanadi:

N

BLEII - BP x exp(Z*rbg pn)

n=7

BLUE ball hisoblash grafigi 14-rasmda keltirilgan.

valid/bleu

(s)

1
:t
I

t
I!
.l
t
I
I

6,0$0 8,00{} IGk 12* t4k
/i

Value Step Relative

ts1.1651 16,000 8.151 hr

14-rasm. BLUE ball hisoblash grafigi.
Mashinali tarjima sifatini baholash uchun ko'rsatkich. Ko'rsatkich n-

gramlardan foydalanishga asoslangan va manba matnni izchil hamda to'g'ri
baholashga qaratilgan. BLEU ko'rsatkichidan farqli o'laroq, bu ko'rsatkich aniq
so'zlarni moslashtirish bilan birga sinonimlarni moslashtirishdan foydalanadi.
Ushbu ko'rsatkich mashhurroq BLEU ko'rsatkichida topilgan mualnmolarni hal
qilish va ibora hamda jumlalar darajasida ekspert baholari bilan yaxshiroq
bog' lanish uchun mo' lj allangan.

TER (Tarjimani tahrirlash tezligi): gipotezani havolalardan biriga o'zgartirish
uchun zarur bo'lgan tahrirlar sonini hisoblab chiqadi.

Tarj imani tahrirlash tezligi grafigi 1 5 -rasmda keltirilgan.

2,s00 4ooo

Run+ Smoolhed

. 31.6371
3
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train/leBrni.lg;rate

0

Riln f Smoothed

. c.0001

ms

Valuo st€p Ralatlve

0.0001 16,231 8.808 hr

Vrlus $top Relatlve

0.6223 16,000 8.15'thr

\! I

L5-rasm. Tarjimani tahrirlash tezligi grafigi.

Ideal holda, tekshirishning aniqligi treningning rivojlanishi bilan ortib borishi
kerak, bu model ko'rinmas ma'lumotlarni yaxshiroq o'rganish va umumlashtirishni
ko'rsatadi.

Doimiy o'sish tendensiyasi samarali o'rganishni taklif qiladi.
1 6 -rasmda tas diq lash aniql igi tendens iyas ining gr afigi keltiril gan.

---)- --
{
I
i
I
1**f*"
i
:
I
I-**-*
t
:
i

2,000 4000 6,000 8,000

Run f Smoolh6d

0.6518

16-rasm. Tasdiqlash aniqligi tendensiyasi grafigi.
Tabiiy tilni qayta ishlash vazifalarida, ayniqsa, tilni modellashtirish va

mashinali tarjimada, chalkashlik (PPL) modelning ishlashini baholash uchun
ishlatiladigan umumiy ko'rsatkichdir. Murakkablik - ehtimollik taqsimoti yoki
ehtimollik modeli namunani qanchalik yaxshi bashorat qilishining o'lchovidir.
1 7-rasmda chalkashliklarni b afiaruf etish grafi gi keltiril gan.
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Run t $moothed Valse SIEP Helatlve

. 9.5013 12.0724 16,000 8.151 hr

17-rasm. Chalkashliklarni bartaraf etish grafigi keltirilgan.

Tarjimon modelini testlash jarayonida har bir qadamda parallel korpus

tarkibidagi ma'lumotlarga mosligini tekshirib boradi. Har qadamda tarjima sifati
yaxshilanib boradi.

1 8-rasmda o' zbek-qozoq NMT modelini testlash keltirilgan.

18-rasm. O6zbek-q ozoqNMT modelini testlash.
Tarjimon modeli ikki til uchun qilingan bo'lib o'zbek tilidan qozoq tiliga va

qozoq tilidan o'zbek tiliga tarjima qilib beradi. Bu ish birinchi marotaba qilingani
uchun tarjima modelimizni boshqa ish bilan solishtirish imkoni bo'lmadi. Shu

s abab Ii hozirgi kundagi ommalashgan tarj im on tizimlari b i lan s o li shtirdik.
7-jadvalda o'zbek-qozoq ya qozoq-o'zbek tarjimon modeldan olingan

natij alar keltirilgan.
7-jadval

Tariimon modeldan o nna lar
O'zbek tilidasi eap Yandex tariimon Google tariimon NMT modeli (UzKz\
Unga bera oladigan
yordamingiz uchun
oldindan rahmat
aytmoqchiman.

Men oran 6apnu4
nerr,reriqis yuriu
TIIIAEIH TIIIA AIIfEIC

afit(nu reneAi.

Oran reg KeJrreH

reueriqis yurin
cigre anArrn ana

aJrrblc ailtKuu

Men oran Kepcere
AJIATbIH KE3 KEJIIEH

revrerir{is yruin cisre
aJrALrH aJra an[blc
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KeneAi. ar4TKbIM KeneAl.

O'qituvchi kirib
kelganida gapirishni
to'xtating.

Mlnaniu ripren
Ke3Ae cofinecyAi
TO(TaT6IHbI3.

I\4paniu ripren
Ke3Ae cofinecyAi
TOKTATbIH6I3,

Mparivt nipreu Ke3Ae

cefinecyli
TOKTarbrr{bI3.

Qozoq tilidaei eap Yandex tariimon Goosle tariimon NMT modeli (KzUz)

Ara-anacrr ce6ure
Arueruu AereH ar
KoftAu.

Ota-onalar chaqaloq
Akiyoshi nomidagi.

Ota-onalar
chaqaloqqa
Akiyoshi deb nom
berishdi.

Ota-onalar chaqaloqqa

Akiyoshi deb nom
berishdi.

2008 yilda Delta va
Northwest
aviakompaniyalari
birlashib, dunyodagi
eng yirik
aviakompaniyani
tashkil qilishdi.

2008 Nunu Delta
Nene Northwest
6ipirin, eneu4eri eq
ipi
ABI,IAKOMIIAHI,I'HbI

\Yp,qn.

2008 xruru Delta
xene Northwest
Airlines 6ipirin,
ereu4eri eq ipi sye
KOMIIAHVflCLIH

r(YpaAbr.

2008 xunu Delta
xene Northwest eye
KOMrraHH.'IJIapbl

6ipirin, eneruAeri eH

ipi eye KoMIIaHlrscEIH
(YpaAEI.

Natijalardan ko'rinadiki, tarjimon modelimiz natijalari Google va Yandex

tarj imon tizimlal kabi natij a bermoqda. Ma' lumotlar to' plamini ko' paytirish orqali

undanda yaxshi natijalarya erishish mumkin. Buni bizning tarjimon modelimiz

ta'minlaydi.

XULOSA
"O'zbek va qozoq tillari o'rtasida mashinali tarjima tizimi" mavzusidagi

dissertatsiya ishi doirasida quyidagi asosiy natijalat olindi.
t. O'zbek va qozoq tillarining grammatikasini o'rganildi hamda ular

o'rtasidagi o'xshashlik va farqlarni aniqlandi. Oddiy jumlalar sintaksisini

radmiylashtirish uchun Xomskiyning kontekstsiz grammatikasidan foydalanilgan

va komp onentlar dar axti tuzilgan.
2. O'zbek va qozoq tillari grammatik qoidalaridan foydalanilgan holda

qiyosiy ontologik modellari qurildi. Jumlalar darajasida o'zbek ya qozoq tillari
uchun matnlar o'rtasidagi yozishmalar muvofiqlashtirildi.

3.O'zbek-qozoq tilining parallel korpusidan foydalanilgan holda lingvistik
qoidalar asosida bilimlar bazasini shakllantirildi. Yaratilgan bilimlar bazasini

miqdori 125 mingjumlani tashkil qiladi. Bilimlar bazasi "Hugging Face" elektron
platformas iga j oylashtirildi.

4. O'zbek-qozoq tillari uchun neyron mashinali tarjimasi ishlab chiqildi.
Mashinali tarjimani ishlab chiqishda "Transformer" modelidan foydalanildi. Bu
model o'zbek tilidan qozoq tiliga va qozoq tilidan o'zbek tiliga tarjima qiluvchi
tarjima tizimini yaratish imkonini beradi.

5. Neyron to'ri asosida o'zbek va qozoq tillari uchun mashinali tarjima
tizimini ishlab chiqildi. Tarjima tizimi soha ekspertlari uchun qaror qabul qilishda
yordamchi sifatida ishtatilib, yakuniy qaror ishonchliligini baholash imkoniyatini
yvzaga keltirdi.

' 6. Tarjima matnning sifatini baholash (BLEU) Ya o'zaro entropiya
metrikalaridan foydalanib, tarjima aniqligi va semantik yaqinligi aniqlandi.
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BBEAEHI4E (anuoraul{fl AonropcKofi 4ucceprallru PhD)

' AnryalbHocrb tt neo6xoAuMocrb reMbl Arlccepralluu. B MIapoBoM

uacrura6e MHoxecrBo Ha) rHo-[paKT[rrecKrtx [ccJIeAoBaHIlfi uoxasuBalor, qro He

ToJrbKo 6gcrprrfi u oQQerrIasHrrff rroLIcK zn$opuaqurr B ceru IaHTepHer flB[rflercfl'

BaxHbrM, Ho ,r co3AaHr,re sS$errunHblx MaIULIHHrIx cl{creM rlepeBoAa MexAy

pffinr4rrHbrMr{ .fl3brKaMu. Elaro4ap.a 6uctpovry pa3BLITktrc ranQopnraq}IoHHblx

rexHoJrorr,rfi n o6utecreeHHofi quQpoausa\ur4 o6reu unQoprraaqvrv Ha pa3nrlqHblx

sgirxax B rroBce.EHesHofi xI,I3HI{ qeroBeKa rtocro.gHHo yBenl,rll4Baerc.fi.

MexxynrrypHoe B3ar{MoAeficmue flBrrflercfl. HeorbeMnevrofi qacrblo x}I3HLI

MHorI,x nro.qefi, rrogroMy I,rcrroJrb3oBaHl,Ie crrcreM rrepeBoAa craHoBI'ITcfl

o 6rrAenso il sala,rcir An.,I prAoB oro rlo Jrb3oB arellfl I'IHTepHera.

Cnoxnocrb r.I HeoAHo3HaqHocrb [epeBoAa Mex,qy BceMrI ecrecrBeHHbIMI'I

.rr3BrKaMr{ paccMarpvrBaercfl. KaK oAHa rI3 ocHoBHbIx npo6nenr, cB.f,3aHHblx c

uepepa6orroft sgrrros. B cB.rr3r.I c grrrM clrpoc Ha IIccJIeAoBaHI,I.f,, HarIpaBJIeHHbIe

ua uefirptur{3allurc fl3brKoBbrx anovranzfi, o6uuuo AoBoJIbHo BbIcoK. I'Ivreuno

[ogroMy rrccrreAoBaHne upo6leuu Marrrr{HHoro [epeBo4a Allrl. TIopKcKLIx fl3EIKoB

Ha ocHoBe rexHoJrorwfi uct<yccrBeHHoro uHTeJrJIeKTa, pazpa6orrca oQQeKTI,IBHrIx

uogelefi I{ iuropI,ITMoB, a raKxe co3AaHr4e rlporpaMMHblx KoMrrJIeKcoB fftsJlf,rorcfl

oAsofi t4s BaxHbIx 3aAarl s O6IaCu,I IIcKyccTBeHHoIO I{HTeJIJIeKTa.

B Hacro.flrrlee BpeMrr B Mrrpe [poBoAraTcs MHoxecrBo ktcclleAoBarruit B

o6lacru xouuuorepnoft o6pa6orru rropKcKllx s3bIKoB, 6olrruoe BHIIMaHI4e

yAenf,erc.fl co3AaHrarc crrcreM u rexHoJrorzfi arrueHoro ucfloJrb3oBaHl{.f, TropKcKt4x

.rr3brKoB KaK .t3bIKoB c6opa, o6pa6otxu kr [epeAatILI unQopvraquu'

xu6epupocrpaHcrBe. B erou cJrfrae BaxHoe 3HarleHile upzo6peraror cucreMbl

Mexb.rr3brKoBoro uopeBoAa, aBToMarrr3al{url rraopQouou{qecKoro alaaJtur3a t4

aHHorrzpoBaHtrfl, TeKcroB. floetovry pacrer uotpe6nocrr cLIcreMarPI3LIpoBarb

KpyrrHoMacurra6nrre AaHHbre, co6paHH6re c yqeroM oco6eHHocrefi .fl3bIKoB,

o6pa6orarb ux vr co3Aarb Ha r,rx ocHoBe HoBbIe 3HaHI{.u. B qacrHocru, IIeJIeBrIMI{

HayqHErMra rrccneAoBailLrflMllvt ,rBJlf,rorc.fl flocrpoeH]Ie MoAenil uefipounoro
MarurrHHoro [epeBoAa lilfl, TyperlKr{x f3brKoB Lr co34aHue uapiIJIJIeJIbHoro Kop[yca.

B naulefi crpaHe oco6oe BHr,rMaHrre yAeJrf,erc.u peureHrllo npaKTl{tlecKux lr

Qyn4arraeuraJrbHbrx upo6nena B TaKr,rx orpacJlrx, KaK rlpoMblllrneHHocrb,

JrorucrrdKa, MeAuurrHa, ceJrbcKoe v BoAHoe xogsficrso, TeJIeKoMMyHkIKaurrI4 I4

o6rqecrneHHbre cQepu, c rrpnMeneHneM coBpeMeHHbIx un$opr"raqrroHHbrx

rexnororzfi. oAnzrvr r,r3 BaxH6rx naupasnenufi frBJrfleTcs. <cos4anue
r,rHTeJrneKTynrrbHbrx [porpaMMHbrx [poAyKToB, cuoco6nrrx o6pa6arrrnarr
6onrurne o6relurr qz$porux AaHHbIx Ha rocyAapcrBeHHoM .fl3blKe c
r{c[oJrb3oBaHl,reM r4cKyccrBeHHoro r{HTeJIrIeKTa AJrfl, o6yreuz.a>>. B .racrHocrLl, gro

BKrroqaer e ce6s Qoprvruponamne Kpy[Hbrx na6opon AaHHbIx Ha rocyAapcrBeHHoM

tr3brKe 4nx o6yreHrlrrr 14 cog4aurs. t4uTeJrJreKTyiurbHrlx [porpaMM, Koropble Moryr
aHanr,r3r{poBaTb vr cuHTe3r4poBaTb peqb Ha SToM .f,3blKe. oco6euno 6ulu
AOgTr,rrHyTbr 3HaquMbre pe3yJrbTaTbr B aHarru3e TeKcToBoro MaTepfialla u
BEIffBJreHrrrr CeHTI,IMeHTOB, CO3AaHr{LI KOp[yCa AJIfl CeHTI{MeHT-AHNM3A HA

y36eKcKoM s3srKe, paspa6orre uuSopvraulroHHLlx MoAeJIefi Ha ero ocHoBe,
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TeMaTilqecKoM MOAeIrr{poBaHVLr v o[peAeJreHI{}I AOCTOBepHOCTI4 COAep)KaHI'lfl

AoKyMeHToB2. 3Ha.rut\4HN,rI4 pa6oraura Anlt o6ecue.IeHlas BrI[oJIHeH]I[ yKa3a,

.rlBJr.rrrorc.fl co3AaHr,re oHToJroruqecKl{x uoAelefi Anf, rpaMMarl4qecKl4x rIpaBI{n

TyperlKr{x .f,3brKoB r{ MoAenefi uaurunHoro [epeBoAa Ha rrx ocHoBe, paspa6ou<a

arrropnTMoB MaIuI{HHOTO o 6yrenua fi rrp olp aMMHbIx KoMrrIIeKCoB.

,(uccepmrllaoHHoe rrcoJreAoBaHrre B 3HaqureJlbHofi cre[eHLI BHocIzt csofi

BKrraA B BbIIOJIHeHIIe yKZBaHHbIX 3aAaq, olpeAeneHHblx B yKa3ax I{ Apyll4x

HopMaTr{BHO-[paBoBbrx aKTax, cB.,I3aHHbIx c pa3BI{TLIeM O6pasOnanufl' v HayKrr B

Yr6erucraHe, TaKr{x KaK llocraHosJreH?Ie llpesu4eura Pecuy6ltvnvr Ys6exucrau

or 27 ailpen1 2018 roAa Ns yII-3682 (O Mepax ro 4alrnefirueryry
coBepIrreHcTBoBaHuK) ctrcTeMbr BHeApeHlIf, pIHHoBaIIIIOHHLIX Vt}lvIt\kIATnB,

rexnonornfi vr [poeKToB>), BblcryrrneHl,Ie Ha coBeIIIaHLIpt c ilpeAcraBI4TeJrrMI4

HayKr,r ra o6pason anvrfl. s HaquoHzLrIbHoM yHuBepcutere Yg6eKucraHa 24 was' 2019

roAa, 2l orcrx6px 20t9 roAa, flocranosJleHze }lb y[-5850 (O Mepax rlo

KopeHHoMy EoBbrrueHuro [pecrrlxa vr craTyca y36eKcKoro .f,3brKa KaK

rocyAapcrBeHHoro)), flocrauoBJreHlle Ns Y[-5847 or 8 oxtr6px 20t9 roAa <06
yrBepxAenzn Kouqelqur4 pa3Bkrrvrs, cucreMbr Bblcrrrero o6pasonanux Pecny6rrutKvr

Vs6exucraH Ao 2O3O roAa), IlocraHosrreHl,Ie or 24 vas.2019 roAa J\b IIII-5850 (O

BaxHocTr{ yJryqrueHuf, craryca 14 Blrr4rt:rrlrfl. ys6ercr<oro .f,3blKa KaK

rocyAapcrBeHHoro ff3brKa)), flocranoeJleHkIe Ns V[-6079 or 5 orcu6px 2020 roaa
(O6.yrBepxAeurau Crparervr4 (Ur{Qponofi Ys6erzctaH - 2030) I{ Mep rlo ee

e$serrunuofi peanr3arlun) or 20 oru6px 2020 roAa, IlocrauosrreHue Ns YII-
6084 (O Mepax rro AturbHefiruee pa3Br,rrr{e w coBeprueHcrBoBaHl{e sgur<onofi

rroJrrrrlrKrr n naurefi crpaHe, flocranosrreHlae }lb yII-6097 or 29 oxrsipt 2020

roAa (06 yrBepxAeHIIII KoHIIerqIav pasBurvlfl. :nay:r:a Ao 2030 roAa),
flocranosrreHr.re Ne YI-6108 or 6 non6pr.2020 rcrc <O naepax no pa3Bl4rlaro

csepu o6pasonauux u HayKr{ B rrepr{oA HoBoro pasBurrufl, Ys6eructaHa>>,

flocranosJreHue }lb yn-4996 or 17 Qenpans.2}2l roAa (O co3AaHLIr ycnoeuff 4nx
ycKopeHHoro BHeAp enprfl TexHoJrorwfi ncxyccrBeHHoro vHTeJrIIeKTa), yKa3 IIbIIO-
60 or 28 rruoaps. 2022 roAa (O Crparerulr pa3BI{rI,Ifl HoBoro Ys6exucrana Ha

2022-2026 roAbD) Yxas Ns Y[-165 or 6 ]rrorr.r 2022 roAa <O crparervl4 pe3Br"tvs.

Hosoro Yg6exzcrana Ha 2022-2026 roAsr> r,r Apyrux HopMarLIBHbIx rrpaBoBblx

AoKyMeHT ax, cBfl3auHblx c Aannofi AesrenrHocrlro.
CoornercrBrre uccJreAoBZrtrfl, rrp[oprrrerHblM HarIpaBJreHrIflM pa3BrlTrlfl

Hayrcrr u rexno.norr.rfi pecny6.rr.rxu. ,{aunoe LIccJreAoBaHue BBr[oJrHeHo B

coorBercrBtrkt c nplropurerHbrM Ha[paBJreHfieM pa3B[TI{x HayKLI LI TexHoJrorufi

Pecuy6lurul Ys6eKucran IV. <<Passurr,re unSoprvrurkrsar\vrur n unQoplaaqrloHHo-

KoMMyH[KaIIuoHHbIx rexnonorufi >>.

Crenenr [3yrreHHocru npo6reurr. Irlsyrenu pa6otrr freHEIx,
rpoBoAr.rBrrrux p.f,A t4ccJreAoBamuir rto crrcreMe [epeBoAa MexAy AByME.fl3blKaMrr,
MaIuI{HHoMy IIepeBoAy vr MoAeJrfM uepeno4a. B qacTHocTI,I, [epBylo fiAeIo

rrepeBoAa c MaruuH Ha qeroBeKa BbrABVHynv forSprz4 Bnnrreurtt lleir1:autt tt
PeHe .{er<apr. B CIXA uepnufi [JraH MarrruHHoro [epeBoAa [o.rIBI{JIc, roA

2 O'zbekiston Respublikasi Prezidentining 2021 yil 17 fevraldagi <Sun'iy intellekt texnologiyalarini
jadal joriy etish uchun shart-sharoitlar yaratish to'g'risidugi PQ'4996-son qarori.
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pyKoBoAcrBoM Jleona 9. ,{ocrcpa r ,{xopAxrayHcKoM yHlzBepcurere. Ilepnax

gKcrrepr,rMeHTaJrbHa.fl cr{cTeMa MaIurIHHoro rlepeBoAa c QpaH[Iy3cKoro .,I3bIKa Ha

pytt*rfi aBropcrBa O.C. Kylarl{Hofi uI4.A. Memuyra rpI'IHaAJIexur Poccuw.B

K*u*.trre T.K. Katouon, E. rlypuxon, A.A. Sharpbay paspa6orara cHcreMbl II

anroplaTMbl MaIUIIHHOIO [epeBOAa c KasaxcKolo .f,3blKa Ha Apytve.rI3bIK]I.

flepe,4 co3AaHr{eM rrporpaMM rrepeBoAa rro ,3brKy rpe6yetcx aHiLrII43

rr,rop$otoruu .fl3brKa, MoAeJrlrpoBalne cTpyKTypHbIx oco6enuocrefi fl3blKa Lr

paspa6orra coorBercrByroqux alrropl{TMoB. Pa6orrr rro nropQouoruqecKoMy

aHiLrII,I3y y36eKcKoIO f,3blKa IIpOAOJIxaTTCf, yxe AJIilTeJIbHoe BpeMrI YI

npoAoJrxaror 6rrrr oqeHb rrpoAyKTrIBHbIMI,I. B qacrHocru, A.K.flonaroB kl

M.xu*r*o" [poBenil Ha] rHbre uccneAoBaHI,IJI rlo paspa6otrce npo6neu

KoMflbrcTepnofi JII{HrB}IcrLIKI,I, npo6neu, Bo3HllKarcIqvx

MAIIIKlHHOTO rrepeBoAa, MareMarfiqecKrrx IrtoAelefi
upz oO3AaHI{LI

Soprraanrrroro
rpaMMar[qecKoro [peAcraBJrenufl. Arrfl, ys6ercroro fl3brKa, cpaBHeHI{JI

anrnuficroro r{ ys6ercrcoro .f,3brKoB. Bonpoc co3AaHl4ff SJreKTpoHnrrx cnonapefi

TyperlKoro ,3brKa paspa6arrrBaJrcf, III.A.HasupoBbIM B paMKax rpoeKroB

ro cyAap cre eHHofi rp aKril KI,t.

M.Apuuoe, H.Ilmaron, III.Ma4paxuMoB, A.Hopon, H.A64ypaxMoHoBa,

Y.Tyuuen, I.MatnaruloB vI C.MarnaturoBbl rpoBellr pflA HayqHblx

r{ccJreAoBaHufi s ollrrctu Qonerr4rr4 u rraoptponou4fi ys6ercroro .rI3bIKa. B parrlxax

3Tr{x r{ccJreAosaHufi 6:.ltru paspa6oraHbr MeroAbr rr anropurMbl aBToMarrlqecKoro

pacflo3HaBaltrfl, u pa3AeJreHrr.fl froJrrrctlurra1u,tecKllx ciroB B y36eKcKoM .f,3blKe, a

TaKxe co3AaHbr JruHrBo-MareMarlrqecKrle MoAeJII,I. Bunz il3yrreHbl v pealLI3oBaHbI

MeToAEr uop$orar<turu rraop$oQoHrrKLI ys6ercrofi rvropSolorzz

uc[onb3oBaHl,IeM JloruqecKoro [porpaMMzpoBaHhfl. Ha ,3LIKo Prolog, a raKxe
paspa6oran rraop$otorz.recKzfi r4HcrpyMeHr UzMORPP. YrasaHHrte

rrcclreAoBaHru uo sToMy HanpaBJreHr{rc .CBI,IAeTeJTbCTByIOT O npOBeAeHVLI

KaqecrBeHnrrx pa6or s o6nacru vropQororl{tlecKoro aHaJIV3a u crpyKrypHoro

aHurkrgarpeAJroxenufi. OruraKo MoAeJrr{, alropurMbl Id [porpaMMHBIe KoMfIJreKcbI

AJu MaruuHHoro uepeBoAa ne 6ruu uccJIeAoBaHbI.

Cessr reMbr Alrcceprarlura c rrJraHaMrr HayrrHo-[ccJreAoBareJrbcKllx
pa6or HayrrHo-[ccJreAoBareJrbcKoro yqpe]K,qeHus. [arule.at Arlccepral{I'Ifl
BEIIIOJIHOHa B paMKax rrepcrreKTzBHoro [JraHa Ha)rrHo-I{ccJreAoBarenrcr<ofi pa6oru
HaquouanbHoro Ynunepcnrera Ys6eK[craHa I{MeHu MIlpso Vnyr6era Ha reMy

REP-25 tl212lll13-"UzUDT <<Ynnnepcansnrrfi Kopnyc AepeBa gasucuNlocrefi

4na o6pa6orKr4 ecrecrBeHHoro .f,3blKa na ys6ercKoM.f,3blKe u ero ceMaHTl,Iqecrraff

aHarrrr3) Q02l-2024).
Ile.ur uccJreAoBzmttfl, 3aKnrorraercff B paspa6ome coorBercrnyroulefi

ilJrrop[lTMa [r [porpaMMHoro KoM[JreKca AIrfl [epeBoAa MexAy AByM.fi TropKcKrrMt4

.f,3brKaMr4 Ha ocHOBe TpaAr4rl[oHHbrx MeToAoB ]I [epeAoBBIx MoAeJIefi uaurnnuoro
rrepeBoAa.

3aAa.Ill uccJreAoBaHlrfl :

- ocBoeHr{e IpaMMarrrKLI ys6er<croro 14 KzBaxcKoro .fl3bIKoB, a raKxe
BbrflBJreHfie krx cxoAcTB u pa3rrvIlilil;

IrocrpoeHrle cpaBHrrreJrbHbrx oHToJrorr{trecKnx vro4enefi c ncrroJrb3oBaHueM
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rpaMMaTIIqeCKIIx npaBI4JI yS 6 erCrorg I{ Ka3axCKOrO .r3blKo B ;

C UCIIOJI63OBaHII9M oHToJrorIIqecKI,Ix MoAenefi y36eKcKo-Ka3axcKl4x fl3bIKoB

cSoprr,rIapoBaHa 6a3a snau:,ztir;

co3Aarb MoAeIrb rrepeBoAa c IacrIoJIb3oBaHlIeM aJIropI4TMa uefipouHoro

MaIIII{HHoro 06} {eHurl c )rrreroM oco6eHHocrefi y36eKcKoro 'fl3blKa;

pa3pa6orKa cr4creMbr Marur.rHHoro uepeBoAa 4ur ys6ercKoro LI Ka3axcKoro

fl3brKoB Ha oCHOBe HefipOHHOit Cetl1l;

onpeAenuTE TorrHocTb rrepeBoAa II ceMaHTl4tlecKyro 6nzsocrr c noMolllbro

oUeHKu KaqecTBa rrepeBeAeHHoro TeKcTa (BLEU) A rloKa3aTerlefi B3aI{MHofi

3HTpO[\IV.
Ofirerrrou [ccJreAoB amufl, cr,rcreMa MaIIrrIHHoro rlepeBo Aa p.ila ys6er<croro u

Ka3axcKoro f,3LIKOB.

Ilpe4uer [ccJreAoBaHlrfl crarl{crilqecKue
MaIULIHHoTO [epeBOAa V aJITOpLITMbI Ha

rrapanJrenbHoro Kopflyca.

MOAEJIII,

ocHoBe

MeroArI nefiponuoro
ys6ercr<o-Ka3axcKoro

MeroA IrccJreAoBaHl{fl. B }IccJIeAoBatenrcrcofi pa6ore ucrloJlb3oBaHbI

MeTOAbr ICKyCCTBeHHOTO r4HTeJrJreKTa, fiHTenJIeKTyaJIbHOIO AIJAJII{I.3A AaHHBIX,

xuaccn$nKarlvtur, Sopnaalzsar\vwr, oHToJloruqecKoro MoAeJIIapoBaHvIfl., MoAyJIbHbIx

u o6rerrHo - oplaeHT4p oB aHHbIx TexHo Jlori,rfi up orp auM[poB aHrUI.

Hayuuar HSBII3Ha IICCJISAOB LHLrfl, 3aKIIOqaeTCs B cJIeAyIOuIeM :

cpaBHI{TeJIbHbIe oHTOJIOTUqeCKI{o MOAeIII [OCTpOeHbI C I4CnOJIb3OBaHI',IeM

rp aMMaT[IqecKux IIpaBuJI y36 eKCKOTO rI Ka3aXCKOTO fl 3brKO B ;

c r4c[oJr63oBaHueM oHToJrorurqecKl4x MoAeJrefi y36eKcKo-Ka3axcKLIx .f,3bIKoB

c S op rr,rup o B a.aa 6 a3 a zuatuir;
c yreToM oco6eHnocrefi ys6eKcKoro fl3EIKa co3AaHa MoAeJIb repeBoAa c

r4c[OJIb3OBaHIIeM aJIr pIITMa HefipOHHOTO MaluktHHoro o6yreurar ;

paspa6oraHa cucreMa MaruuHHoro [epeBo Aa AIIr y36eKcKoro I4 Ka3axcKoro

,3brKoB Ha ocHoBe HefipoHHofi cerra.

llparcru.recxrre pe3yJrbrarbr rrccJreAoBaHrrfl 3aKJrroqalorcr B JreAyroqeM:

BEUrBJreHbr cxoAcrBa v pagrvq{ufl, MexAy rpaMMarrIKaMI4 y36eKcKoro 14

Ka3axcKoro .fi36IKOB;

uocTpoeHbr oHToJroruqecKue MoAen[ rpaMMarrrtlecKl{x [paBPIJr y36eKcKoro I4

Ka3axcKorlo ff3bIKoB;

Ha ypoBHe upe4noxelrufi corJracoBaHbl coorBercrBrl.u reKcroB Anr.

ys6ercroro r4 Ka3axcKoro s3ErKoB;

paspa6orana cucreua uefiponnoro MaIIrrIHHoro [epeBoAa gnx ys6er<cKoro LI

Ka3axcKofo .,I3bIKoB.

,{ocronepHocrb pe3yJrbraroB rrccJreAoBaHrrfl . Hayurax o6ourosaHHocrb u

HaAexHocTb pe3yIrETaToB HCCJTeAOBAH!,I.S. [OATBepXAeHbI TOTIHOCTbIO CO3AaHHbIX

rrlOAenefi yt MeTOAOB, A TaKxe CpaBHIITeJIbHLIM aHaJII43oM pe3yJIETaTOB,

noJryrreHHbrx c [oMorrlbro paspa6orannrx aaroprtrMoB vr uporpaMMHoro

KOMIIireKCa.

Hayun aa n rrp aKTrrrr e cKafl 3H arrlrM o crb p ByJrbraroB r.rccJr eAoB anawtrt,

Hayrnax 3HaquMocrB p*yJrbraroB uccneAoBa;rrtrfl. BKrroqaer B ce6s'

QopuanusaUurc rpaMMarr{qecKr,rx upaBr{Jr ecrecrBoHHoro flsblKa vr krx o6pa6orry
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Ha KoM116rorepe, a raKxe MoAyJrbHbIe v o6tertno-opueHTl4poBaHHble

M9TOAOJIOIIII [pOrpaMMvrpOBaHVs.) Teopuil, [pI{MeHfleMbIe B o6taq/Ivr

6uru cpaBHeHbI B xoAe

v crao.:file cropoHbl cI,IcreMbI.

6urr uc[oJIb3oBaHbI lnfl

ucKyCcTB eHHOIo IIHTeJIJIeKTa u KOMIIbIOTepHOfi JII{HIBI4oT}IKI'I.

,{ocrnxeuux [peAnoxeHHblx MoAenefi

3KCrrepI{MeHTa, qro [o3BonI{JIO B6UIB}ITb CIIJIbHbIe

Paspa6otanuue MoAeJII{ u MeroAEI Moryr

aBToMarr,rqecKofi a6crparqzrr reKcroB Ha ecrecrBeHHoM fl3blKe, pelueHZs Apyrl4x

[paKTuqecKprx 3aqaq o6pa6omu, a raKxe B zn$oprrraqrloHHo-[o]IcKoBblx

clrcreMax, pimpa6orKe rlporpaMMHoro o6ecue.IeHufl. llrfl. o6yteuur, gJIeKTpoHHbIx

o6pasorareJrbH6rx ct4creMax Ir orIeHK[. 3to, B cBoro oqepeAr, cuoco6crnyer
ptt3Bprrr4ro coqilLrrbHbrx fi gKoHoMuuecKilx csssefi MexAy rropKos3blqHblMrt

rocyAapcTBaMlr rrepe3 rrHTepHeT, 3JTeKTpOHHyIO [OrITy U COqUaIIbHbIe CoTI{.

SxcnepuryreHTEr, rrpoBeAeHHbre B xoAe rrccJleAoBaHfifl, Mor)rr 6rrrr [pIzMeHeHbI

AJg rlepeBoAa nnQoplvraqnu B TaKVx o6nactrx, KaK o6pasonanue, :aayKa,

lrcKyccrB o, 3Ap aB ooxp aHeHLIe u Apyrue collt4 tulbHrr e c S eprr.

Bnegpeuue peyJrbraroB rrccJreAoBaHrlfl. Ha ocnose Ha) rHblx HoBIIrecrB,

roJryrreHHbrx c uoMorrlbro uuropIITMoB u [po{paMMHoro o6ecueueuux,

paspa6oranuux Atfl crlcreMbr MarIILIHHoro [epeBoAa MexAy ys6ercruu kt

KA3AXCKI{M fl3bIKAMU]

BIUTBJTeHI{e cxoAcrB v paurutuir. MexAy rpaMMaTI,IKoft y36eKcKoro V

Ka3axcKoro .rr3brKoB, co3AaHr,re [apirrrJreJlbHoro Koplyca AJL STIIX AByX 
'3bIKOB,

paspa6oma oHToiroruqecKux rraoAenefi rpaMMarI4tIecKI,Ix [paBuJr Lt turopurMoB

Marrr,r{HHoro o6)r.reHus. 6stnu peaJrr.r3oBaHbl B paMKax rlpoeKTa CanaapraHAcKoro

$v:;iuatlr- Taurr<enrcKoro yHuBepcr,rrera nnQopvraqlloHHbrx rexHolloruir pnte:nvr

Myxarvrrraa4a anb-Xope3Mu (cnpanra Mnuvrctepcrna qz$ponux rexHoJlorl{fi

Pecuy6nraxu Ys6errIcraH or 20 uox6px 2024 roAa, Ns 33-8/7790). B pesylrtate
yAaJrocb yBe[raqr4Ts o6reu rer<croeofi 6asrr HalluoHuulbHoro Kopflyca ys6ercroro
fl3brKa V [oBbIctITb TOTIHOCTE [pOIpaMMHOIO o6ecue.IeHl4fl.Ha 15%;

6aga sHaHuit, cosgaunafl.tra ocHoBe cpaBHlrrenrnofi oHToJlorv.recrofi MoAeJIrr

y36eKcKo-Ka3axcKoro .fl3EIKa, 6rua ycrrellrHo BHeApeHa B CauapxauAcKoM

o6nacrnoru Suuuane OOO <Unicon SOFT) (cuparra Munumepctna qra$poBrlx

rexHoJrorr4fi Pecny6rrrtKr.r Yg6ernctaH or 20 ruot1ps, 2024 roAa J\b 33-817790).

flpone4ennrrfi amufi4g noKa3ilr, qro pe3yJlrTarbl nepeBoAa [porpaMMHoro

o6ecne.reuux, flocrpoeHHoro Ha ocHoBe stofi 6asrr suauufi, couocraBzMbl c
p*ynBTaraMr, repeBoAqecrux cucreM Google u -f,nAer<c. flpu oroM ycraHoBJIeHo,

qro AiurbHefiruee yJr) rrueHrae KaqecrBa [epeBoAa BogMoxHo 3a cqer yBeruqeHLIrI

o6reua AaHHBrx. Bne,4penue ,qannofi TexHoJIorIlI4 [o3BoJILIJro coKparurb BpeM.r,

neo6xoAzMoe AJrf, rlepeBoAa AaHHbrx, tta lloh;
AO <Ys6eKreJreKoM)) 6ulo rporecrrrpoBaHo u BHeApeHo B rlpoqecce

ycraHoBJremurfl cBfl3kr c a6onenranu Carr,rapran4crofi ropoAcKoit cetu cs.f,gu. B
pe3yn6Tare r4cfrbrralufl, 6unu couocraBJreHbl AocrllxeHll upeAnoxeHHblx

rrroAelefi u BrIsB[eHBr cIaJrBHEre u cna6rre cropoHrr cucreMLr. VcranosneHo, qro

paspa6oranHble MoAelw kr MeroAEr Moryr 6rrrr I4c[oJIE3oBaHbI lrpkl pe[reHI,I[

Apyreil flpaKTrlqecKfix 3aAaq aBToMarfiqecKoro a6crpatupoBaHvrs. ra o6pa6otr<n

TeKcroB Ha ecrecTBeHHoM .rI3bIKe, a raKxe B cuoreMax uoklcKa uuQoprraa\ilvr,
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paspa6orre yre6nux nporpaMM Lt clrcreMax eIIeKTpoHHoro o6pasonauu.a.
-SntraprreHTbl, 

IIpoBoAI,IMbIe B HayrIHo-I'IccJIeAoBaTeJIbcKof pa6oTe,

o6rscnsrctcs rpI{MeHeHI,IeM ruo6oft flepeAarlu unt[opuaquu B o6pasonauuu,

HayKe, I{cKyccrBe, 3ApaBooxpaHeHl{u lI Apyrux coqrallbHux cSepax (cnpanra

Munzcrepcrra quQpor"r* rexHoJrorzfi Pecuy6tuxvr Yg6exzctaH or 20 :Hof.6px

ZO24 .o.q-u, Ne li-ttllOO1. B pe3yJrbrare oro Aano Bo3MoxHocrb Ao6vrcsc '

e(p([errznnoro pe3yJrbrara B rrpoqecce o6tqeuzr c KJITIeHTaMI'I Ha t3,5o/o

cKopocTI{.

Anpofiaqm pe3yJrbraroB rrccJreAoBaHl,Ir. Pesymrarlt IIccJIeAoBaHI'II{

o6cyx4anr4c:. Ha 6 rraex4ynapoAHbrx u 5 pecuy6marancroft Hayuro-[paKTl'Iqecrofi

ronSepeuqun.
Ily6aurcaqun pe3yJrbraroB rrccJreAoBLntrfl. IIo reMe Allcceprallut4

ouy6lurcoeauo 14 HayrrHbrx pa6or, B ToM qucJre 5 ctatsz B HaylIHbIx fi34alJt,i.flx

BAK Pecuy6uurcu Yg6erzcraH, peKoMeHAoBaHHLIx r uy6nuraUJ1rfi ocHoBHbIx

HayqHblx pe3yirbTaToB AoKTopcKux gucceptaqutrt, B ToM qrlcle 3 ctarru B

sapy6exn"i* 
'ruyrr"r* 

xypHiulax, Taxxe [oJlyrreHbl 3 cellAereJlbcrB o6

o Ququanruofi p erzc rp a\krvr rp orp aMMbr Anfl 3BM.
Cryyrcrypa u o6reM Arrcceprarluu. ,{uccepraq}ul cocrot4T }I3 BBeAeHI4r,

rrerblpex rJIaB, 3aKJIIoqeHvrg, cfnuc:ria rrc[onb3osaHHofi nl{TeparypBl I{ [pLlJroxenufi.

O6rerr,r AI,IccepraIII4rl cocrorlr us 118 crpanuq.

o c HoBI{oE C OAEPXAHT'IE Alrc cEP TAUT4I'I
Bo BBeAeurlrr o6ouronrrBarcTc.,r aKTyallbHocrb rr eoctpe6onaHHocrb reMbl

Ar,rccepTarlvra B cooTBeTcTBtrLl c [puopLtTeTHbIMLI HalpaBJIeHvIttMkI pa3BvITkIs HayKpI

r,r rexHoJrornfi Pecuyltuxu Vs6exzcran, SopuyJlllpylorc, IIeJIb 11 3aI.avlkr, a raKxe

o6rerct u qpeAMer uccJreAoBaHnfl,, u3JroxeHbl Hayluafl. HoBII3Ha u [paKTuqecKue

pe3yJrbrarbr r{cclreAoBamvrfl, o6ocnosaHa AocroBepHocrb rlon) reHubrx

pe3ynbTaToB, pacKpLITa TeOpeTVtIeCKafl I{ [paKTLIqeCKafi 3HaqUMOCTb IOJI]n{oHHBIX

pe3ylrbraToB, [puBeAeHbI rtepeqeHb nne4penzfi B rIpaKT]lKy pffiynbTaToB

rrccneAoB aHVr, cBeAeH us. o6 ouy6nuroB aHHbrx p a6otax 14 orpyKTyp a Allcc epr a\r4r4.

B uepnofi rJraBe Aucceprarlr4u, o3arJraeueHHofi <IIpo6leMbI MarrrllHHoro

nepeBoAa), [peAcraBJreH cpaBH[TeJrrnrrfi aHailu3 Teoperl,trlecKklx ocHoB

MarufirrHoro ilepeBo4a, o6sopbl, MeroAbr u MoAeJIkt, rlerroJlb3yeMble np]r nepeBoAe.

Ocnerqeno, KaK peuail{cb up o6nerrau MaurllHHoro [epeBoAa B pa3BLITbIx crpaHax

Mvrpa, KaKr,re anropr rMEr 6srru peKoMeHAoBaHBr 14 KaKVe pe3ynrTarrr 6ulu
AOCTITTHyTbI.

flpe4cmureHbr ocHoBHbre MeroAbr, r,rcuorll3yeMble B flpoqecce [epeBoAa]

MeroA MarrrrrHrrofo rrepeBoAa, ocHosaHHufi Ha rlpaBrrlax. MauruHurrfi

repeBoA Ha ocHoBe rpaBrrn (Rule-based Machine Translation), I{JIV Maurunnrrfi

rrepeBoA, ocHoBaHurrfi ua Jrr.rHrBucrr{rrecKllx [paB]IJIax, 6rtl uepBbIM MeroAoM,

rrcroJrb3oBaHHbrM s 1950-x roAax. Iepnrre clacreMbl RBMT 6:';.nu paspa6otaurt n

HaqaJre 1970-x roAoB. Ha 6ase RBMT [o.flBr.rJrucb raKrre coBpeMeHHbIe crcreMBl,

rax Systran, rIIoHcKafl cllcreMa MT, czcrevra EUROTRA, Apertium, Wikiwand u

Promt.
Illuporoft 3aAaqeft TaKofi rexHoJrorrrr{ uopeBoAa rBJlrercfl Sopvralruoe
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MoAeJILIpoBaHfie ecrecTBeHHblx ff3bIKoB KaK o6rertos, peutur3oBaHHblx B

KoHKpeTHofi [porpaMMHg-a[IaparHofi KoMrlblorepHofi cpeAe, a raKxe

MOAeJrr4poBaHr{e pa3fir,rqHbrx aHuILlTILtileCKI{X [pOIIeAyp, I,IHTeIpaUI4I4 -'I3bIKOBbIX

eAr{Hr4U LI T9KSTOB AJUI ecTecTBeHHbIx fl3bIKOB, T.e. TaKAfl' gA4arta Tpe$yeT

cneAyroqux rpolleAyp:
1) rpa$u.recKilfi (curunonrHbrfi) anartull:.;

2) Ir,r op Q o ilo rl{q e c K}I it u texcutr e cKufi alF.alrt[s I4 cIrHTe3 ;

3) cnurar<cvqeclfl.Ifi ar,ur'r3 I{ cLIHTe3;

4) ctuncnoBble rpaHcQopvraquu.
flpn MaIIIIIHHoM IIepeBoAe o6pa6aruBaloTcf, Bce ypoBHkI .sgrrr<osofi

crpyKrypbr.
Mauuuttutil nepeeod ua ocuole Modeiler7. Mero4 MaIUI{HHoro repeBo\a Ha

ocHoBe rrpuMepoB (Example Based Machine Translation) 6ul rpeAlroxeH

uemod nepeeoda (CMI) AoMIrHt4poButiI B KarlecrBe

Ha rrporflxeHllu Aec.,ITI4JIeTrIfi. flpartzvecK]IM

;r11oHcKLtM uccneAoBareJreM M. Harao s 1984 roAy. OcnosHax vIefr.3aKJrroqaerc-f,

B ToM, rrro flpu :aaJrkrtrvrkr 6oururoro 3arraca paHee [epeBeAeHHbIx Spas 4nx
KoHpperHoro rr4[a reKcra r,r y3Kr{x o6racrefi ilepeBoA flocJreAyrcIqux reKcroB

6y4er aHarortrleH rreJloBerrecKoMy [epeBoAy. B rraetoAe MaIIrIrHHoro rrepeBoI.a Ha

ocHoBe MoAeJrefi ucrrolrb3yerc.fl rrpr{Hrlzrr [epeBoAa no (IpI4Mepy) E rlocrpoeHl{e

4nofinux upe4noxenzfi Ha AByx f,3brKax. IIo [paBI{JIaM rrctloJlb3oBaHlafl 3To

Hil3LrBaerc.tt (oepeBoA IIo aHiIrIofl{LtD.

OcnosHrre [peArroJloxeHl{, MeroAa rrep eBoAa :

- JftoAu He rrepeBopT rrpocrbre rrpeAJroxeHzfl, ocHoBaHHbre ua rny6oxux

rp aMMarrlqecKux IlpaBuJlax.
- Hanpou,IB, rrepBbre ruarrl B [epeBoAe JrroAI{ AeJlaror, pa3ivBafl.IrcxoAHoe

rrpeAnoxeHue Ha HecKoJrbKo ne6ourur4x lpy[r. 3areu oH rIepeBoAI,IT orla Spasu
Ha rlenesofi .fl3ErK v o6re4nnxer vrx Ha [ocJreAHeM 3TaIIe [nfl. co3AaHrt.g

eQtlerrnrnoro 6nor<a pe3yJlbraroB.
- upr,rBeAerrbr uprrMepbr repeBoga Qpa3 c LIcrroJrb3oBaHI4eM znQopnaaqw,yN.e

(3anoxeHnofi s uaMiITI{).
Cmamucmuuecxuti

rrapaAufMbr rlepeBoAa

upr,rMeHeHLIeM SMT o6HqHo flBJUIrcTc.,I {paseonoruuecKue cldcreMbl,

rrepeBoAf,rrll4e cJIoBa u Spasu pasnofi AnuHbI.
Heo6xoAnMocrb vrg1.urrcHtrfl, crarlrcrurrecKl,Ix MeroAoB 3aKrroqaerc.fl B ToM,

qto6rr [epeBecrz [poqecc nepeBoAa B coorBercrBukt c Mo.4eJrbro IIryMHoro

KaHaJra Lllenuona.
^ Couacno grofi r{Aee, peur H Ha onopHoM lt3blKe MeHflercf, Ha peqb K na

fl3brKe opuu4HaJra rroA sogAeficrsueM rrryMa, [poxoArlrlero qepe3 KaHa]I BeIrIaHVfl.

flpnnqrau MeroAa 3aKJrroqaercfi B Aocryrre K vcxoAHoMy reKcry Ha IIeJreBoM.f,3blKe

w rrpeAnoxeHr4fl K na .,r3brKe opr4n,rHtura, Koropoe paccMarpvBaercfl. Ha BbIxoAe

KaHir;ra BeITIaHI{.,t. Atts groro AocraroqHo uailru pe[reHze cneAyroqero
ypaBHeHI,Ir:

fr - argmax P(HIK)
HCIleaenoft asrtr

(1)

Ecnu reperficaTb 3HaqeHue Bepo.flTHocTu B ypaBHennra (1) uo npaBl{ny
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Bafieca:

n - argmilc
H€l{elenofi reur

P(r(lH)P(H)

P(K)
(2)

B oroM ypaBHeHr4r{, uocKoJrbKy Bepo.arHocrr P(K) ilocrorHHa Anf, Bcex

nupaxenrfi H, pe3ynbT ouepbropa argmax He rraensetcs. B 3ToM cn) Iae

ypaBHeHI{e (2) rvroxHo 3arll4carb crleAyrcIquu o6pasou:

fr - arsmuc P(KIH) P(H) .
H € Llea-e n o fi as ur, o--,q" M oi;r* *,

(3)

B grou ypaBHeHI4[r ecrb ABa pa3ruqHblx KoMrIoHeHra, flepnar Ha3blBaercf,

MoAenbro repeBoAa P (KlH) r4 yKa3brBaer, qro IrpeAJloxenue H Ha IIeJIeBoM ff3blKe

Moxer 6rrri nepeBoAoM [peAJIoxeHI'IrI K Ha I{cxoAHoM .rI3bIKe. Bropofi

KoMloHeHT [peAcraBJr{er Bepo.srHoerb npeAJroxettus.H Ha IIeJIeBo}r.ssrrKe. 3ru
ABe BeporTHocTlr.flBJr.f,roTc.f, pe3yJrbTaToM yMHOXeHI{fl 3HaqeHI'IrI yTBepxAetrus,H.

Memod rueilpouuozo MauluHHoeo nepeeoda. Hefipounufi uaurunnrtfi uepero4

(Neural Machine Translation NMT) MeroA MaIuI,IHHoro uepeBo4a, xotoprrfi

lrcrrolr6yer r{cKyccrBeHHyro HefipoHHylo cerb AJL uporHo3l{poBaHkrfl'

BepoflTHocrr{ [ocJreAoBarensnocrefi cJroB rlyreM MoAeJIupoBaHLrfl' IIerIbIx

qpeAJroxenufi r rdurelpupoBaHHofi MoAonI4. Irry6oxoe o6yrenue BrIepBbIe 6ulo
rdcrroJrb3oBaHo AJUr pacro3HaBaHtrr peqla e 1990-x roAax. Buepnrre n 2014 roAy B

cilcreMy $pasonoro [epeBoAa Google 6r.:l;u BHeceHbI cylqecrBeHHble yJryrqrreH]Ir'

NMT 6rrn [peAJroxeH KaK unoroo6eularorqufi IroAxoA, cuoco6sufi

rrpeoAoneTb MHofIIe HeAocTaTKu TpaAVTITIoHHbIX CLICToM MaIUIIHHOIO [epeBOAa.

Cuna NMT 3aKrroqaercfl B ero crroco6Hocrla 3aloM[IHarb oKoHqareJlbHble

I{3MeHeHI4fl Ha OcHoBe BxoAHoro TeKcTa HeIIocpeAcTBeHHO B IICXOAHOM TeKCTe.

. flpenrvryqecrBo nefipounoro MaIuLIHHoro uepeBoAa 3aKJrroqaercff B ToM, qro

oH o6xoAzr MHorr,re oqeBuAHrre KoHcrpyKTI,IBHbre peileHl{s rpaAI4IIuoHHoro

Marrrr4HHoro [epeBoAa Ha ocHoBe $pas. OAnaro Ha rpaKTI4Ke cllcreMu NMT
MeHee rorIHbI, rIeM cllcreMbl rlepeBo4a, oco6eHHo rlprr u3yreHtl,I oqeHb 6olrurux
ua6opon AarrHbrx, uc[oJrb3yeMbrx AJr.rr Jryqruux AocryrlHblx crrcreM rlepeBola. C

gTI{Mrr HeAocTaTKaMr{ cBtr3aHbr TpI{ HeAoCTaTKa nefipOnnOrO MaIIrI4HHorO

rrepeBoAa: MeAJreHHoe qreHue ra MeAJTa:a:rra:l- cKopocrr BbrBoAa, nest[SerrilBHafr'

o6pa6orra peAKr{x cJroB 14 ilHorAa HeBo3MoxHocrb flepeBecrv Bce cJIoBa B

r{cxoAHoM rrpeAJroxeuuu. Bo-uepBbrx, o6yrenue cncreMbl NMT na 6onrruofi 6age

AaHHbrx uepeBoAoB o6rrqno rpe6yer MHoro BpeMeHV v BEIquclLtreJIbHbIx

pecx)coB.
fufipuduatil u emo d M au,ruHHo zo nep e6 o d a, lu6puAnufi Marrl{HHbrfi nep eeo4

MeroA MaruuHHoro [epeBoAa, xapaKTeprrcytoqufics. ]IcrroJrE3oBaHI'IeM

HecKOnbKLrx MeToAoB MarrruHHoro [epeBoAa B oAHOfi ct4cTeMe MaIUI'IHHoro

rrepeBoAa. 3ra rexHoJrorufl rro3BoJurer ocylqecrBJltrTb 6rrcrpyro nacrpofiry na

ocHoBe flaMrrr,r flepeBoAon, o6o6uleHr4e crl4lrfl. vr rloJrfreHue oqeHb uoresHofi

zus oprraaqpll4 - TepMrrHoJroruqecKplx cuonap efi .

Bo BTopofi uraBe Ar4cceprarlu[ rroA HIBBaHI,IeM <<CpanHureJrbHble

onToJror[qecrrre MoAeJrIr y36eKcKofo tt KasaxcKoro fl3r,rKoB>>

p accMarpvBarcTc.rr rpaMMarr4Ka .f,3brKoB ra BbulBneHrre cxoAcrB I4 pa3Jlu'aufi' MexAy

AByMfl fl3blKaMu, a TaKxe rlooTpoeHrle oHToJroruYeoKI,Ix luo4euefi {paMMaruqecKrrx
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[paBuJI. ,61';ytu [poBeAeHbr rrpu cos4alanpt cucreMBl Marul4HHoro [epeBoAa MexAy

AByMfl fl3bIKaMII.

Ana.,I3bIKa Bo MHoroM orfll,Iqalorc, Apyr or Apyla, z 6uro o6napyNeHo, tlro

pa3rt4rrr{s ecrb.qaxe u 6yruax. B ra6mqe 1 uepeul4cJleHbl rJIacHbIe 3ByKI'I pasHblx

fl3bIKoB' 
Tao'uuqa 1

I.rracnue n KOM II KA3AXCKOM fl3bIKAX

-[[sur
rlucno rJIacHLIx

6yn,
lnacnsre 6yrru

Yg6ercrufi 6 a, e, i, o, o', u

KasaxcruIfi 9 a) e, g) 6I, l, o, o, Y, Y

KaxAas rpylrra cJroB B y36eKcKoM Lr Ka3axcKoM f,36rKax uMeer cBopl

cloeoo6pa3oBareJrbHrre at[t[rzrcrr kr coeqvrnenr4fl, o6ecuequBaroullte cucreMy

IrcMeHeHLI.rI.

I4yrx cyrqecrBr.rreJrbHoe flBrrflercfl. oAHIIM I,I3 nau6ouee ucuonByeMbrx

IreKcr4Ko-ceMaHTr,rqecKr,rx uouefi B TypeIIKoM .a3blKe. flpzcoe4uHeHrre cy$Qrar<con

MHoxecrBeHHoro qvcila K cyrqecrBplTeJrbHblM ,BJUIercs ocHosofi zx pa3AenelF^krfl.

Ha rpyrrrrbl eAr.rHcrBeHHoro u MHoxecrBeHHoro tlIacra. @opnau MHoxecrBeHHoro
qI,ICna y36eKCKOrO u Ka3axCKOIo .,I36IKOB [pI4BeAeHbI B ta6l:7;t\e2,

Taflrwla 2

@opivrrr MHoxecrBeHHoro rr[cJla y36eKcrcoro rr Ka3axcKoro fl3blKo

Ys6ercrufi Kasaxcrufi Ys6ercrufi rpl{Mep Kagaxcrufi rpl{Mep

-lar, Jari -nap. -nep bola-lar 6uru-tap, vfi-nep

-miz, -imiz v azifa-miz, kitob - im iz

-nsiz-ingiz v azifa-ngiz, kitob - in giz

-naD. -rleo f anbrM-.rlaD. O3eH-.IIep

-Tap, -Tep ar-Tap, IIIerl-Tep

B xoAe Harrrero uccJIeAoBaHVfl. 6uno ycraHoBJIeHo, qTO KA3AXCKLTII .f,3BIK

orJrr{qaerc.fl or y36eKcr(oro no cySQzKcaM LI cJroBapHoMy 3aracy. IIo pe3ynbraraM

BuAHo, qro gro orreHb ran$oprvratunusrfi .a3bIK c rorIKI,I 3peHrrJI Blralleukrfl',

cnoBo o6p iBoB areJIEHbIx cy$ $I{KcoB I{ Apyrrt x o 6nactefi .

B ra6[[rle 3 [prrBeAeHbr rrpurflxareJrEHbre cyt[$zrcrr y36eKcKoro vr

Ka3axcKofo .fi3bIKoB.
Ta6nuqa 3

Yr6erccr<r.re rr Ka3axcKrle flplrrfl]KareJrbHbre cyQt[urccu

Jlurqo

Yg6ercr
uit Kagaxcrzfi

Vg6erc
rufi

Kagaxc
xuit

Ys6ercr
uit

Kagaxcrufi

Mecmouueuue Orcouraauun Ilpuuep

1-e nurlo
eAr,rHcrBeHHofo

qt{cra
Mening Meniu

-m,
-im

.M,

-ivr,
-bIM

Mening
bolam

Meniq datattt

2-e mrqo
eAr,rHcTBeHHOro

qI,ICJIA

Sening Cesirt
-tr8,
-mg

-r{:

-iH,
-bIII

Sening
bolang

CeniH 6ar,art

JJ



3-e mrqo
EAI,IHCTBEHIIOTO

II[ICJIA

Uning Ouru{
-i,
-si

-ci,
-cbI,

-i, -u

Uning
bolasi

OnuH 6aracrt

1-e nuqo
MHOn(ECTBEHHOTO

qucna
Bizning EisdH

-miz,
-imiz

-1M13,

.bIMbI3
Bizning
bolamiz

Bigsiq
6ararraHs

2-e tw\o
MHO)KECTBEHHOTO
' qkrcila

Sizning
(ynaxeu
re)

Cigail{
-1fl9,

-ingiz

-rIbr3,

-qig,
-brrIbI3,

-iqis

Sizning
bolangiz

Cistiq
6araqus

3.-e nuqo
MHOXECTBEHHOTO

IIIICJIA
Ularning OaapAuu

-i,
-si,
-lari

-ci,
-c6I,
-i, -rr

Ularning
bolalari

Onap4uq
6alr.atapu

2-e tr.wlo
MHOXECTBEHHOIO

III,ICJIA

Cengep4iI{
-H, -iH,
.bIH

Ceugep4iI{
6aaanaprrl

2-e lr.wlo
MHO}I(ECTBEHHOTO

qI,ICJIA

Cis4ep,qiu

-r{br3,

-H13,

-br.rlbr3,

-ir{ig

Cisaep4iu
6aaaraprupls

flnar$opnra Protege rroAAepxrBaer ABa ocHoBHbrx MeroAa MoAeJrllpoBauufl.

oHronorvfi: c rroMorrlbro peAaKTopa Protege-Frames; IzlcuolrsoBaHrle peAaKTopa

Protege-OWl. Onrouorun, rocrpoeuHbre B Protege, rpeAcraBn.aror co6ofi

oTKpbrTbre oHTolroruv c JrefKo pacuupreMofi apxl4Te ofi 6laroAapfl. :f.ajluttilro

Syur<quonaJrEHbrx MoAyJrefi pacturlpeHrrff, Korophre MoxHo rpeo6pa3oBarb Bo

MHorr{e (fopun, raKrle KaK RDF (RDFSchema), OWL z XMLSchema.
CosAaHre crpyKrypHoro AepeBa rrpocrbrx rpeAJloxeHl{fi Ha ys6ercrolra

.fl3brKe. ZgsecrHo, qro Sopnranrnar 6ecronrexcrHas rpaMMarllKa Xoucr<oro

(Context-Free Grammar (CFG)) npeAcraBllfler co6ofi MareMarI,ItIecKI,Ifi

r{HcrpyMeHT, flo3BoJlflIorrluft t[oprr,ranruo oflrrcarb cLIHTaKcLIc AaHHoro f,3blKa. B

Hacroflrrlee BpeMrr CFG ssrserc, rur4poKo r{crroJlmyeMofi $oprvranrnofi cucreuofi
MOAeJTrIpOBAIIkrs. CTpyKTypbr KOMIIOHeHTOB eCTeCTBeHHOTO .'I3EIKa.

[trt [ocrpoeHlrf, cr{HTaKcurrecKrrx [paBr4n fipocrblx upeAloxeunfi AByx

TropKcKr,rx -fl3brKoB Mbr cHaqara ucuoJrb3oBaJrla KoHTeKcTHO-CBO6OAHyIO

rpaMMaTI{Ky XoMcKoro AJIf, uocTpoeHrafl, Arfl. Hrrx cTpyKrypHoro AepeBa, a 3areM

co3A€urrr oHTQJrorr{qecKyro MoAeJrb B cpeAe Protege c yqeToM I{x OeMaHTVKLI.

C [oMorrlEro sroro ycrpoficrBa M6r cocraBrrM ct4HTaKcuqecKl,Ie ilpaBnlra
upocTblx upeAilorr<eHl4fi AByx y36eKcKI,Ix ,3brKoB lI cO3AaArM I'Ix crpyxrypy' Ho

AJUI gToro HaM Heo6xoArlMo BBecrrI ctlequanbHble JII,IHTBI{cruqecKue cLIMBoJIbI -
TETV.

Teru, orrlacrrBaroulre crpyKrypy y36eKcKux rpeAJloxeHzfi, [pI{BeAeHbI B
ra6tw\e 4.

Tad.rrnqa 4
Teru, orrrcbr B aloqu e crpyrcTypy y36 eKcKLrx rp eAJI olr(eHrrfi
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Ter Asrnnficrufi Pyccrufi Ys6excrufi Kasaxcrulfi

p Simple
sentence

flpocroe
IIpeAnoxeHlle

Oddiy jumla Xaft cefineu

Sub Subiect floArexaqee Ega Eactayum

obi Obiect .Ilononnenue To'ldiruvchi Tonrr(tayuu

Abr Abreviatura Onpe4enenue Aniqlovchi AnrrKtaymu

Adl Adverbial O6ctosrerscrso Hol flrtcuKrayrtu

Pre Predicate Cragyeuoe Kesim EassAayuur

CFG cOctOI,IT I43 Ha6opa [paBI{JI kIII:r_rIpaBvIJI IIpuH-fiTI'L pelueHl4fi, xax4oe us

KoTOptx olpelenf,eT CIIOCO6 O6reAUnegU.s kl paCIIOJIOxeHlafl' fl3blKoBblx

CIIMBONOB.

o 6rqzfi CF G G-runa onp eAenf, erc.,r cJreAyrcIIII4MI,I rap aMerpaMl{ :

(4)

----j....-.=..-..-NP ,"
f -----^---INPVP* I .,.'-----

NNv
smd luubroo.dg ktbb oqiyatd

Pucynorc 2 -
S(NP(N),NP(N,N)),VP(N,V)

AepeBo I(oMTIoHeHTOB

G = (Nr,7",R,S >
3Aecr:
N"- ua6op HerepMVHaJILHbIx cLIMBoIIoB (uepervrenHbrx) ;

f-- na6op cr.rMBoJroB repMrrraJra (roucranrbl): 3AeCbN, n T" =@;
R - A + a sa6op [paB]rJr perueHrrf Tvrrra, rAe A - HerepMuHanbHblfi cuMBoJI,

a - crpoKa cI,IMBoJroB an$aruta NsUTs, T.e.. q, € (Ns U Ts)-;
S - na.ramHblfi HerepMrlHanbHblft cLIMBoJT;

Crpyrrypa rpeAJloxeHilfl Moxer 6utr rpeAcraBJleHa AByMfl qacTfllaui

cyulecrB,rreJrbHbrM [r Hraronovr. Cznraxcuc flpocrblx upeAlroxenufi ys6ercroro

fl3brKa MoxHo onl4carb c IToMoIIIbIO CleqlIaJIbHbIx cFG'
flpuue4erra cJleAytoqee rrpo cToe IIpeAIIoxeHrIe Ha y36eKcKoM fl3blKe :

1. "Samad kitob o'qiyabdi" '" CaMayriran oKblrr orblp";

2. r'Samad kutubxonada kitob o'qiyabdi" - " CaMag ritauxanaAa Kiran oKbIrI

otrrp";
^ 

3. "Samad onasi bilan kecha keldi" - " CannraAaHacEIMeH KeIIIe rel4i";
4. "Bngyaqin do'stim Samad o'qiyabdi" - " EH xaKDIH AocbIM Cavag 9KEIII

otrtp";
[nx orrflcaHl{.f, crpyKTypbl 3TI{x npeAnoxeHl4fi rpI{BeAeM cIIeAyIOque

3HaqeHr4fi rapaMeTpon KE :

N, - {s,NP;vP,id.i,Adu} T, : {s, a,d,e,g,lt,L,i.,k,l,ffi,fl,o,P,r,t,S,9, u,i,!}
n-- is + NP lvP,NP -, N I N lAdi lAdv,vP + N lv lAdv INP lvP)

trIcnonrsyr oro {paMMarltqecKoe [paBI{JIo, cTpyKTypHoe AepeBo

KoMuoHeHToB rrpuBeAeHHbrx Bbrrrre ys6er<crux [peAJloxeHufi MoxHo rIpeAcraBVTb

HaplrcyHKaxL-4;
S

------^.---=-NP VP

| ,-\
I

NNV

Samad kitob o'qiyabdl

Pncyuolc 1 - r{epeno KoMrIoHeHToB

s(llP(N),vP(N,Y)).
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Engyaqin

Ha pucyHKe 5 upe4craBJreHa qacrb oHToJloruqecKofi MoAenLI

cyulecrBureJrbHoro B y36eKcKoM fl3brKe, co3AaHHa-fl B cpeAe Protege, Ha pI{cyHKe 6

froKa3aHa qacrb oHToJloruqecKofi MoAeJru cylqecrBrlTeJlbHoro B Ka3axcKoM .,I3bIKe.

Pucynorc 4 - r{epeno KoMtIoHeHToB

s(NP(Adj), VP(NP(N), VP(N,V)))

Pncynorc 6. Onro.uorurlecKafl
MOAeJrb rrMeHrr cyulecTBlrTeJrbHof o

B KA3AXCKOM fl3bIKE

rp[JrarareJrbHble o6pasyrorcx nyreM

lpucoeAuHeHu.fl K ocHoBHoMy npunarareJlbHoMy cnora-ycunvTena. B ys6eKcKoM

Pucynorc 5. Ourolor[qecKar
MOAeJrb CyUIecTBrITeJrbHofo B

y36eKcKoM fl3blKe
eKcKoM 14 Ka3axcKoM fl3brKax

u KuBaxcKoM fl3blKax [urrrercf, cuJrbHaf, 6yr<na, pa3AeJreHHafl 3HaKoM ((-)).

Haupnrvrep, na ys6elccKoM .rI3bIKe yap-yangi, sap-sariq, top-toza, Ha Ka3axcKoM aII-

aHbIK, eu-e4eui, xeu-xeqiJr u Apyrl4e.
Ha pucyHKe 7 rrpeAcraBlreHa qacrb oHToJIorI{.IecKofi MoAeJII{

[punalareJrbHoro B y36eKcKoM .fi3brKe, co3AaHHaf, B cpeAe Protege, a qacrb

oHToJroril.recxofi MoAeJII,I [punarareJlbHoro B Ka3axcKoM.g3EIKe rlpeAcraBneHa Ha

Pucynor 7. OnrolorlrrrecKar
MOAeJrb CylqecTBrrTeJrbHofo B

y36eKcKoM fl3brKe

Pucyuorc 8. Ourolorurrecnafl
MOAeJrb [rMeHrr cyqecTBlrreJlbHof o

B KA3AXCKOM fl3bIKC
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B rperbefi ilraBe Ar,rcceprarlprr4 rroA Ha3BaHI,IeM <<Cucrevra MarrrllHHoro

rrepeBoAa MexAy yS6eKcKuM r{ KaBaxcKI{M fl3brmaMrD) oII}IcaHbI npoqeccbl

$oprr,rnpona1r4fl, Ha6opa AaHHbrx 4nr ys6ercKo-Ka3axcKoro MauIIlHHoro [epeBoAa

u pa3Bvrrve uefiponuoro MaluuHHoro repeBoAa.

C6op roroBbrx reKcroBbrx KopnycoB, KoTopble .uBIIrIoTc, oTKpbITbIMI4 vr

AocraroqHo 6onsrunuu, qto6rr ux MoxHo 6rtlo ucrloJlb3oBarE B KarrecrBe

o6yrutorUl4x AaHHbIx AJIf, MSASJII{ uefipouuoit cetu, He loBopfl yxe o c6ope

AaHHBTX, AOCTy[H6rX Ha AByX .'r3bIKaX, AJL'I CO3AaHI,dfl, IJAputJreJrbHblx KopuycoB'

f,BJr.rrercf, rrpesBbrrrafiHo ctoNuofi u rpyAoeMKofi sa4auefi. , oco6eHHo AJIfl.tI3bIKoB

c Hfi3Kr4MV pecypcaMr, TaKfix rar ys6ercxuit Ll Ka3axcKllfi. Mrr co3Azur[ ua6op

AaHHEIX IrI3 CneAyrcIIIfix UOTOIIHIIKOB :

- B ceo6rqaf, AeKIIap ar\vrfl. rpaB qeroaerca (B[IItI) ;

- Ha6op AaHHbIx Ka3axcKo-ys6ercrcoro recra Apertium;
- Kopuyc COVID19 MYth busters;
- I4n$opua\vt.B cerll noBoctefi (cafit Ka:nn$opu)
- JIIErepaqpHbIe KHrIru;
- Pyutoft uepeBoA.

flo4po6noe orrrdcaHkre crarucrLtqecKr,rx AaHHbIx co3AaHHbIx [apalneJrEHblx

rpeAlroxennfi npe4craBlleHo s m6rl'Iqe 5.
Ta6.uuqa 5

Crarncrurca u bHbIX II

Ilb 6l
Fo

HacnaHr.re
IICTOqHIIKA

C.rrona
(ys6)

C.noaa
(rcs)

Ko.nuqecr
BO yHlI
Ka.tlr

HbIX CJIOB

(yr)

Konu.recr
BO yHr{
Kalr

HbIX CJIOB

(Ks)

Cpegnee
KOJI

IIqECTBO

CJIOB B

IIPEAJIO

XEHIIII
(yr)

Cpe,quee
KOJI

IIqecrBo
CJIOB B

npeArro
,ICEHTIII

(yr)

Cpeguee
KOJII{qEC

TBO

CJIOB B

IIPEAJIO

)I(EHIII{
(kz)

1

1

UDHR 6t 1380 1535 724 760 22.6 25.2

I

,{anurre
KTu!AXCTAIICKO-

ye6ercxoro
TECTA

Apertium

49 321 34s 206 219 6.6 7.0

3.
Kopuyc
COVIDl9
Mvth busters

28 288 3t4 197 209 10.3 tt.2

4,

2

,{anurre ue6
nosocrefi

315 4220 4335 233t 2348 13.4 138

5.
Marenrrufi
IIDIEII

1688 10870 t2270 4200 4633 6.4 7.3

6. ,{our
I(AIIIdTAIIA

3008 26767 28276 97s3 1 1010 8.9 94

Kauntan s 15

JIET
8012 81094 89637 I 8549 20284 101 tt.2

8. Mocr Arssora tt822 993t9 1L0259 24655. 29454 8.4 93

9. 3
Pyurue
IIEDEBOIIEI

100000 526207 536674 47355 48768 5.3 5.4

O6rqee
rcorru.r ecrgo/eDenHee

124983 750466 78364s 107970 1 1768s t0.2 111

[anailre HarrHeM crpor,rrB MoAeJrL rrepeBoAa, I{c[oJrE3y, Ha6op AaHHbIx AJrf,
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AByx .,I3bIKoB. OAnuvr V3 nau6oree [oAxoA.fiIIIux MeToAoB repeBoAa AIIf,

MajropecypcHbrx .n3brKoB .,rBJr.,reTc.[ uefipounrtfi MaIIrlIHHbIfi rlepeBoA NMT).
Oanofi u3 uoryJr.npHbrx ceroArur MoAenefi NMT.,IBJUIercr MoAenb-TpaHc$opMep.

TpancQopMepbr - oro coBpeMeHHar MoAeJIr HJIfI, sBJl,Ircuaflcfl pa3BI4TI{eM

apxuTeKTypbl KoAepa-AeKoAepa. Ou paspa6otan crrequtulbHo Anfl [oHIIMaHufl'

KoHTeKcra r{ 3HaqeHurr uyreM analtu3a B3arrMocBssefi NIexAy SJreMQHTaMuu Ilorrrt'I

rroJrHocrbro rroJraraerc.rr Ha MareMarurlecKrle MeroAbI. Ha pucyuKe 9 IIoKaga]Ha

crpyKTypa KoAr{poBaHr{, v AeKoAt4poBanr4fi. MoAeJrIa Transformer. 3tz qacrl4

pa6braror qepffi crpy6Typy, cocro.rrqyto I,I3 N ciloeB. Ha pracynre 10 uor<agana N-

ypoBHeBafl crpy AeKoAepa.

a

t
t
I
(

t Troruf ormert_"-lrffilffiiil/ 'o'*n''tr -"''- '\..T.1-l
Pucynorc 9. MoAelr rpancQopMepa. Pucynorc 10. N-c.rrofinas crpyKTypa.

Ocnonnas 3a1aqa KoArrpoBrrlttna - 
npeo6pa3oBarb BxoAHbIe roKeHbI B

KoHTeKcrHbre lr3o6paxeHlrr. B orruqIae or rIpeAbIAyIIIux MoAeIIefi, Koropble

o6pa6aruBaror roKeHbr He3aBrc[Mo, KoAupoBIIII,IK Transformer Srarcupyet
KoHTeKer KaxAoro roKeHa orHocrlTenbHo ncefi [ocJreAoBareJlbHocru. Polr
AeKoAepa 3aKrroqaerc.rr B co3AaHlr[ TeKcroBblx rlocJleAoBareJlbHocrefi. 3epraJlbHo

oTpaxafl KoAep, AeKoAep ocHarrleH aHi[Irorl{qHbrM na6oponr uo4yponnefi. On

uMeer 4na QoxycHbrx cJro.fl MHoroJr) reBoro paclpocrpa:aeHr4fl, rlprMofi ypoBeHb, a

TaKXe BKrroqaeT ocTaToqHbre coeAVHeIJr.Ifl. U HOpManII3aIIUrc ypOBHfl nocJle

KaxAoro IIoAypoBIUI. Ha pucyHKe 11 uoKiliaHa apxuTeKTypa KoAepa, a Ha

pt4cyHrce 12 uorasana apxl{TeKTypa AeKoAepa. 
chhirh

Pucyuorc 11. Kotep@ncoder)
,{eno4ep He orpaHfiqeH oAHI{M cJIoeM.

raxArrfi rr3 Koropblx ocHoBaH Ha BxoAHbIx

Pucyuor 12. Aercoaep(Decoder)
On uoxer cocro.f,Tr zs N cJIoeB,

AaHHETX OT KOAepa I{ [peAbIAYIIllx

Klruvch
giyno,

chiql5hl(
(o'o99r tlUillgof,)
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cnoeB. Tarofi MHOrOypOSHeSrrfi [oAxoA MOXeT 3HatIfiTeJIbHO yJIyq[II4Tb

rrpeACKa3aTenbHyIO CI,IJIy MOA9JII{, [OCKoJIbKy o6ecnequnaer 6Onee AeTaIIbHoe

rroHr{MaHr4e pa3flutlHtlx KoM6I{HaIIUft BHI{MaHI'I'.
gerneptar IJIaBa ALICCepTaIIun IIOA HtBBaHLIeM <HaAexnOCTb tt

IIpOII3BOAIITeJIbHOCTb MOAeJIII TpaHCJIflTOpa)> IIocB,lqeHa [oKa3aTeIIfM

HaAOXHOCTI4, IIpOU3BOAVTeJIbHOCTrI MOAenu TpaHcJI.[TOpa il pe3ynbTaTaM'

rroJryreHHEIM [pII CpaBHeHI{I4 C Apyr[M]I cHCTeMaMI{ TpaHCJIflTOpa.

flpex4e Bcero orleHuBaeTcff cTeIIeHB COBMeCTIMOCTLI AByX {3bIKOB.

O6pasyroUue [peAnoxeHurl HaportvIfi, Qopuu MHoxecrBeHHoro .luclla)

crpyKrypbr rrpeAnoxe:auir u r. A. Ha pucyHKe 13 uorcasaH rpa$LIK Koppen-,IIII4I{

MexAy AByMf, .fi3bIKaMI{.
iraln/bgtch-acc

l-' ;ffiI" r# il, Hr
Pucynorc 13. IpaQrrK KoppeJrflrlur MexAy AByMf fl3bIKaMrI

Cpannunaer BbrxoAHbre AaHHbre NMT c oAHTIM vtrv HeoKoJIEKI4MI4

orarroHHbrMr{ repeBoAaMrr, ucronb3yf, orIeHKy BLEU (Bilingual Evaluation

Uriderstudy), 3tor IIoKa3areJIb u3Mep.fler rlepeKpblrlle n-rpaMM MexAy

Marrrr{HHbrM [epeBoAoM u c[paBoqHbrMI,I TeKcraMV. A^nropurur BLEU oIIeHI4Baer

[epeBoA rro rrrKrlrre or 0 Ao 100 Ha ocHoBe cpaBHeHH, rleJroBeqecKoro v

MarrruHHoro ilepeBoAa u rroucKa o6qux orpbIBKoB. OurosHas vl.es' 3aKflrcqaerc-f, B

ToM, qro.re\a 6omlue coBflaAenufi, relra nyque [epeBoA.

BLUE 6anu paccqurblBaerc.r cJleAyroqurra o6pasovt. :

BLEU = BP X

N

exp(Z**bs pn)
n=7,

(s)

fpa$urc pacqera 6annos BLUE rpeAcraBrreH Ha pllcynxe 14.

Ru + SMlhad Y!lu.

81.537',1 31.1651

frcyi* 14. fpar[l,rK BbrrrrcJreHl,Ifl BLUE 6anna

Sl6p R.Lllv.

16,fi10 e.151 hr

l
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' 
floragarenb orleHKra KaqecrBa MarrrlrHHoro rrepeBopia.l4laI.uKarop ocHoBaH Ha

IrcrroJrb3oBa1r4t4 n-rpaMM 14 HarrpaBJreH Ha rrocJleAoBareJlbHylo u rpaBl{nbHylo

oUeHKy llcxoAHoro TeKcTa. B oTJILIqI{e oT MeTpI'IKI'I BLEU, oTa MerpI4Ka

lrcrroJrb3yeT corrocTaBJreH[e cr{HoHr{MoB Hap.t{Ay c ToqHbIM COOTBeTCTBI{eM CJIOB.

3ra vretprrKa rIpeAHa3HaqeH a AIIfl pelueHllfl upo6ueu, o6napyxeHHblx s 6olee

rrolryJrflpHoil rvrerpIa e BLEU , kr Alfi,lyuuefi cBr3II c 3Kc[eprHbIMH cyxAeHrr.;IMl4

Ha ypoBHe Qpas u rpeAlloxeuuil,
TER (cropocrb peAaKrr{poBailLrfl, uepeno4a): paccql{rblBaer

rrpaBoK, Heo$xoA?IMbIx Anfl u3MeHeHIIfl II4IIoTe3bI oAHofi I'I3 ccbIJIoK.

IpaQnr cKopocrla peAaKrupoBaHurl [epeBoAa IIpeAcraBneH Ha pI4cyHKe 15.

traln/learnlngSte

!s

- 
.-0

r0 8,000 t()k ]2k ]4k

Vqlue Sisp Rslatlve

0.0001 16,231 8.809 hr

Plrcynorc 1 5. Ip aQrrK cKopocrlr peAaKTIrpoB aHrlr rlep eBoAa

B u4eale roqHocrb [poBepKrr AoJrxHa IloBbrllrarbc.fl IIo Mepe rlpoxoxAeHl4-f,

o6yrenux, qro yKa3brBaer Ha Jryrrtuee o6yrenue kr o6o6qeuue HeBI4AI4Mofi

zn$oplaaqzu.
IocrosHHar reHAeHrllrf, K pocry rrpeAroJraraet s${ert}IBHoe o6yuenue.

Ha puc. 16 uorasaH rpaQur reHAeHIII4u roqHocrl4 IIoATBepxAeHI{f,.

KOJIIIqECTBO

::) 0 2,000

Ruftt smoolh6d

. 0.0001

1000 4J!0

nufi + Sfioollad

_ 0-6s1tl

0.00D q{00 10r 11,( tdx

V6lun 6toP Rcla$ft

0"n2x 16,000 8.r$1 hr

Pncynorc 16. fpaQuK TeHAeHIIUU rorlHocrrl rIpoBepKI{

B 3aAaqax o6pa6orr<ra ecrecrBeHHoro ,3brra, oco6eHHo ff3blKoBoro

MoAenvpoBauvtl- v MaIIrLtHHoro repeBoAa, ryraHllqa (PPL) .f,BJlf,ercf,

pac[pocrpaHeHHbrM fIoKa3aTeJreM, rrcrroJrb3yeMblM IJtfl OIIEHKI{

lpou3BoAr.rreJrbHocrr{ MoAeJrn. Cnoxnoerb - 
gro Mepa roro, HacKoJrbKo xopouo

pac[peAeJreHrre BepoflTHocrefi urfi Bepo.nrHocrHaf, MoAeIIb [peAcKa3blBaer

Bbr6opKy. Ha pncynre 17 roKa3aH rpa$ur AeKoHBonroquv.

2,000 4,000 6,000 8,000 l()k ]2k
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Rur 4. tm0fthrd

. g.5ll13 1e{?M 16,SDQ s.i$t hr

Pucyn6rc 17. IpaQrrK yMeHbrrreHrrfl orlr[6oK TeHAeHIIuu rorlHocru
npoBepKrr

B rrpoqecce TecTllpoBaHilf, MoAeJI[ TpaHgnflTopa Ha KaxAoM 3ra[e
lpoBep.fieTcf, coBMecTr{MocTb c AaHHEIMLI, COAepXaIqrLMItC . B [apaJlnenbHoM

Koplyce. Ka.recrno nepeBoAa ynyquaeTcfl c KaxAbrM luaroM.

Ha pucynre 18 [peAcraBireHo recrvpoBaHlle ys6ercro-KasaxcKofi NMT MoAenrI.
*n(t&

Pucynorc 18 - TecrrpoBaHlle y36eKcKo-Ka3axcKofi NMT MoAeJIII.
- MoAenr uepeBoAa 6uua pa3pa6oraHa Arrfr. AByx fl3bIKoB I4 ocyqecrBJlf,er

repeBoA c y36eKcKoro Ha Ka3axcKrafi u c Ka3axcKoro Ha y36eKcKI,Ifi. IlocKonbKy

3To 6rtro cAeJIaHo BrIepBbIe, Mbr He

[peAbrAyrrlrrMrl pa6oranaz. floerovry MbI

ceroAHflrrrHl,Ifi AeHb c[creMaMlr [epeBoAa.

lonyrreHHrre or y36eKcKo-KiraxcKofi r4 Ka3axcKo-y36eKcKofi Iuo4eneil nepeeo4a.
Tadtuua 7 .

Pes KA:

MOrJrr{ cpaBHurb Halxy MoAeJIb c
cpaBHIrnI{ ee c [o[yJIflpHbrMI4 Ha

B ra6nuqe 7 upuneAeHbl pe3ynbrarbl,
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,JIbTATbI e oT MoAeJrrr [epeB oAaIuKa:
IlpegloxeHue Ha
ys6ercrou q3blxe

.fluAexc
IIepeBoArrIIK

Google
nepeBoArr[K

MoAem NMT
(UzKz)

Unga bera oladigan
yordamingiz uchun
oldindan rahmat
aytmoqchiman.

Men oran 6apnu4
rerraeriqis yurin
aJIAbrH iura aJrfbrc

aftrKurra reneAi.

Oran reg KeJIreH

revreriqis yruin
cisre an.4rru aaa

{rrrrbrc afirKrrvt
neneAi.

Men oran Kepcere
AJIATEIH KE3 KEJITEH

rolvreriqis yuriu cisre
ilrl.qbrlr aJIa arrr6lc
afit4rrIvt releAi.

O'qituvchi kirib
kelganida gapirishni
to'xtating.

Myraaiu ripren
Ke3Ae cofinecygi
TOKTaTbrr{Lr3.

IVtganiu ripren
Ke3Ae cefinecy4i
TO(TATLIIIEI3.

Mpaniu ripreu Ke3Ae

cofirecyli
TOKTATbIHbI3.

hffilbn!tu ffi
C !5 :!& ra rrk6llg] lr+n6

3 iMtr lul a hbIt.@ ,Ieq



Ilpeluoxeurre Ha

KaSaxcKoM f3blKe.
.flngenc
nepeBoAIIIIK

Google
IIepeBoArII,IK

MoAe.ur NMT
(KzUz)

Ara-anacsr ce6lare

Aruduru AereH ar
(ofiAu.

Ota-onalar chaqaloq
Akiyoshi nomidagi.

Ota-onalar
chaqaloqqa
Akiyoshi deb nom
berishdi.

Ota-onalar chaqaloqqa

Akiyoshi deb nom
berishdi.

2008 yilda Delta va
Northwest
aviakompaniyalari
birlashib, dunyodagi
eng yirik
aviakompaniyani
tashkil qilishdi.

2008 xnns Delta
xene Northwest
6ipirin, eneluAeri er{

ipi
ABI,IAKOMIIAHrIflHbI

rqrpA6L

2008 xumr Delta
xone Northwest
Airlines 6ipiriu,
enerrrAeri eH ipi eye

KOMTIAH}I.'ICbIH

rqtpaAbl.

2008 xuru Delta
xene Northwest eye

KOMIIaHU.'IJIapbI

6ipiriu, slevrAeri er{

ipi eye KoMnaHlr.,IcEIH

(YpaAbI.

I,Is pesyrbTaToB BIIAHO, TITo HaIIIA UEPEBOATIECKAf, MOAENb AEMOHCTPI,IPYET

p$y;rETarrr, cpaBHrrMbre c cucreMaMll nepeBoAa Google u Yandex, YserI'I'IeHue

t6ta*u AaHHbIx Iro3BoIII{T Aocrlttlb elue JD^ruux pe3yJlbraroB' Haua

[epeBoAqecKail MoAeJrb 9TO O6eC[eqI'IBaer.

3AKJIIOqEHI{E
B paM1ax ArrcceprarluoHHofi pa6orbr Ha reMy <<Cncteua MaIUI'IHHoro

[epeBoAa MexAy y36eKcKnM r4 Ka3axcKLtM ,3rIKaMLI) rrorryqeHbl cneAyrcIque

ocHoBHEIe pe3ynbTaTbl :

1. Irlsyrena rpaMMarr{Ka y36eKcKoro I{ Ka3axcKoro .f,3bIKoB rI ollpeAeneHbl

cxoAcrBa I4 pa3nurrr,r.rr MexAy HprMr{. EecronteKcrlraf, rpaMMarl'Ixa Xoucxoro

rrcfroJrb3oBpy1tacb 4ur Soplaanu3apr4 cI4HTaKclIca [pocrblx [peAJIoxeHuiL u 6rtlo
rrocTpoeHo AepeBo KoM[oHoHTOB.

2. CpayruvreJrbHbre oHToJroruqecKr4e MoAenu flocrpoeHbl c t4crIoJIb3oBaHLIeM

rpaMMarr,rqecKr,rx [paBuJr ys6er<croro u Ka3axcKoro .rI3brKoB. CoorBercrB]Ie MexAy

TeKcraMu 411g ys6eKcKoro r,r Ka3axcKoro .rI3bIKoB corJlacoBblBarlocb Ha ypoBHe

rrpeAJroxeHI,Ifi.

3. C racnoJrb3oBaHr4eM rrapiulreJrbHoro Kop[yca y36eKcKo-Ka3axcKoro .f,3blKa

c6oprraupoBaHa 6asa 3HaHr{ft Ha ocHoBe JILtHrBLtcrI4qecKI,Ix [paBIlJr. O6tervr

cog.qaHHofi 6asrr 3HaHr,rfi cocraBJr.rrer 125 TbIcflrI rlpeAJlorreHzfi. Baga suakruit

pa3MerrleHa Ha sJleKrpoHHofi rrrar(bopMe Hugging Face.

4.PaspaloraH HeftpoMarur.rHHufi uepenoA AJrf, y36eKcKo-KtraxcKrlx .,I3bIKoB.

Mo4enr <Tpanct[opMep) ucroJrb3oBarracb ilp]I pa3pa6otrce MalurrHHoro uepeBoAa.

9ra MoAeJrE rro3BoJurer co3AarB cricreMy rrepeBoAa, Koropail ocyqecrBnf,er
[epeBoA c y36eKcKoro Ha xasaxcKufi z c rasaxcKoro Ha ys6er<crcufi.

5. Paspa6oraHa cucreMa MarrrkrHHoro uepeBoAa AJUI y36eKcKoro I{ Ka3axcKoro

fl3brKoB Ha ocHoBe uefipounofi cerr4. Czcreua [epeBoAa I4crroJrr3oBarlacb B

KaqecrBe [oMorrlH]rKa flpu trpuusTtru pelreHl,Ifi gKcrlepraMu orpacJll{, uo3BoJI.tLa

orleHuTb HaAexHo cTb oKoHqaTeJrbHoro p erII eHIrlI.

6. To.rHocu [epeBoAa kr ceMaHTurrecKafl 6nugoctr oupeAenflnrrcb c

[oMorrlbro orleHKrr KaqecrBa reKcra rrepeBoAa (BLEU) u rloKa3arenefi B3al'Ivtrofi

9HTpO[1II{.
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INTRODUCTION (abstract of PhD dissertation)
The aim of the research work is to develop an appropriate model,

algorithm, and software package for translating between two Turkic languages

using both traditional methods and advanced machine translation models.

The object of research work is a machine translation system for the Uzbek

and Kazakh languages.
The scientific novelty of this research includes:
comparative ontological models were built using the grammatical rules of

the Uzbek and Kazakh languages;
' a knowledge base was formed using ontological models of the Uzbek-

Kazaldt languages;
taking into account the peculiarities of the Uzbek language, a translation

model was created using a neural machine learning algorithm;
a machine translation system for the Uzbek and Kazakh'languages was

developed based on a neural network.
Implementation of research results. Based on the scientific innovations

achieved using the algorithms and software developed for a machine translation
system between Uzbek and Kazakh languages, the implementation of research

results includes:
identification of similarities and differences between the grammar of the

Uzbek and Kazal<h languages, creation of a parallel corpus for these two
languages, development of ontological models of grammar rules and machine

learning algorithms were implemented within the framework of the project of the

Samarkand branch of the Tashkent University of Information Technologies named

after Muhammad al-Khwarizmi (certificate of the Ministry of Digital Technologies

of the Republic of Uzbekistan dated November 20, 2024, No. 33-8 I 7790). As a
result, it was possible to increase the volume of the text base of the national corpus

of the Uzbek language and improve the accuracy of the software by 15%;

the knowledge base created on the basis of a comparative ontological model
of the lJzbek-Kazakh language was successfully implemented in the Samarkand

regional branch of Unicon SOFT LLC (certificate of the Ministry of Digital
Technologies of the Republic of Uzbekistan dated November 20,2024, No. 33-B I
7790). The analysis showed that the translation results of software built on the
basis of this knowledge base are comparable to the results of Google and Yandex
translation systems. At the same time, it was established that further improvement
of the translation quality is possible due to an increase in the volume of data. The
introduction of this technology made it possible to reduce the time required for
data translation by ll%;

. Uzbektelecom was tested and implemented in the process of establishing
communication with subscribers of the Samarkand city communication network.
As a result of the test, the achievements of the proposed models were compared
and the strengths and weaknesses of the system were identified. It was found that
the developed models and methods can be used to solve other practical problems of
automatic abstraction and processing of natural language texts, as well as in
information retrieval systems, curriculum development and e-education systems.
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The experiments conducted in research work are explained by the use of any

information transfer in education, science, arl, healthcare and other social spheres

(certificate of the Ministry of Digital Technologies of the Republic of Uzbekistan

dated November 20,2024, No. 33-8 I 7790). As a result, this made it possible to

achieve an effective result in the process of communicating with clients at 13.5Yo

speed.
Approbation of research results. Research results were discussed at 6

international and 5 republican scientific and ptactical conferences.

Structure and volume of the dissertation. The dissertation consists of an

int?oduction, four chapters, a conclusion, a list of references and applications. The

volume of the dissertation is 118 pages.
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